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E2tkffeAfP^RA 


ft iS: H ^ A « E tt A S A e T T it * Bt rel fq IB * « ® H 
1 l2/t0^#|5i&t"EttifeAc 

EtfcffeA«ie«»ln:5t«[M:^S±]* rSK!lJ!$ffiTA+iai&S;i& 

1 'm6^% 6o 5tw.fe i 6offe 

in IE III it 360 «.i *it^^60®it,i ifiitit^^ 60 smite 4-5^, ^A 
^«:WXA#Pia/tBt5l6tfllXf^BtfBl.@e«EltffeA^^ 5 000 ¥BtI 

It A it * IB S. gfi « « i£ (Euphtate*) IP ;£ M m ( Tigris) at ft ^:i 

f-tEtt:ffeA«fi^igAfil5StSWAXie^«A^Sgo 

1.2 *)o SJiEtbffeAAA^SJB«^»f(Ciderw8)SaM.tfe«^it 

Ttm 343 ¥S^a4hftlrfrSfi;£M^jaWMfffit(Sippra)AS:;^Ro® 

iSteMa#fD*tf'fifflTTt*Btia]6<)„ ATttaiArac&X'^flt 

W 01^ tc «IP A1^ ^ iil T (it * Bt ra M) Ji2« S W » « , 

* A A ^ (beam - balance ) fi ffl ^ »15 IP » fi tl a 0 ® ^ 
«f“Sffi»T”(Ebers)±MI5A^0^A¥W«#*^/hS'J 0.71 5£o 


Q Paul SchnabeMn ^ i4M7Tiojofie, N.S., Vol.3, 1926.1—60. 

0 F. Dannemann« Die Naturvissenteha/ien in ihrer EntwicUung und ihrm Zuiommenhange ^ 2d 
Ed.« Vd.l.. Leipaf > 1920.39; Th.lbel. Die Wage im AUerUtm und Mitulaiier, ErUngen. 1908. 
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flg A 


A 6<) €1 iS ;r. S ^ s: ^ w i iS * ffi, fib fn a ^ T ft» K M E 

®Ji,ftbfnft%S^4^:fr®^lfctfcS!: 

f0T5l@Witbfto 

i)iWfl!fisi.^iij^;fta®ffiiaf^iBiEfiifi«i)»So 

K3iffi#Jg^4^Sfe6«)M«3.iPA 

5i£a^iiEfibfnw.mis. 


0 ^^0n C««rte Sarton introduction to the History of td-^ 

ence, Vcd. 1 .Baitinxm. 1927o 

O De Ozio. 1.1,^ Vltewell fli9c 
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3: fF a ife, M: sg ^ iS? S :*: W * S ^ ® ^ §(i * ti, a ^-e iffli as 

3EM±^?g&<)^Tmi4^w-S5»j^^wEa^fiSjffic Fa^.-ein 
i ;5 ® ?# Si fn ft #, a tH; ^ « s: s a Bt Jia. 3E M ± ^ le w IK 

SSWTo 

iS S it sE-H ffi it ft flfe W ¥ ft, fife ^ ^ M life lij ii W W f] fi<] ^ ft 

:yi*iofif,ftfe;tj«#sij.ii^:H3ic^#tt^-«i^iofSi(fel!$^= ifi5t£ 

WA^^.M±^?gMAfn^)ST.®3El^±flfe'C'gftM#S3^.^ 


0 De Cato. IV .1.308. 

® a-tSaififtWlnTWftife^fSSW:".«a a#*l:.ifl^ AWa»i»iha 

aa^fB] n.ss ^ttiBi#wwisjrtaa^w »—H<t.»®iM ^ siaaaAwaiaj. m 

p ftr,zttKMin^tt .SDAst-affsaa-t-sn r-.M'A.it^vut. 

W-«!»»«:affiraWWllilrt»a r*.■- DtOdo. Book i .. Chap- 11 . 

O EncycU^ ( o ) edie Braannica , IK 9 (K • “ AfiMode** ^ « 

<S> /V4Uur«(lj)ndon.l9U). Vol.92.584*585.606. 
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ffifi^&(c®”&<lis^,“M*atlSlMib*6«)lts;^”6fjji^„ l^#;fc/J'W^ 

1f . ^tl 

^ ^ li _ ;^ ;p 1^ a; ^ ^ ^ ^ (jm ^ ^ , W ifc ^ is ^ fit) 0^ I a] m il-' 

^±eipft.fibMi?s«;^«tsPJiiSfflWo 

y.^ttefi<)^^^*;SdM±Mre^4.^^5a^^gflli^'I*&ffi^^ 2 000 
6tlW«3e^W0^!^5^ifef4^TK);3dffl= Sfnfi^]^gt£^,flllIfilit&iES|lfe 
S.lST3Ea±^«[WM]o 

stiff 

fife5t^trff-iftfit)(Jgi^t) 

1867 tu HSfit)-^:^ SiliJ T 

TffiiitSfflC® l).f&fflilt®5tE01l^a'6]=Sa. ffl't^fttl^T5:t^i&R 

in M i(i< fit! T « > - 4S ife T ® ^ ® fit) ¥ «. sp ^, per * ?|t 


(D Aris(ode*6 Ph^9tM . Book IV. Chap.8. Aristotle'» [kCaUo. Book 1 «Ch^. 6.8 s Book 
01 «Chap.2s Book [V « Chape. 1.2. 

0 #» The Worh<^Afthw^,A T.L.Heath 
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m 1 

W K ± ii ffi ai«: ■■ ife iij T ^ 5g!" fife :5i-SIJ m fn I fet * * ffl N W- 
iKj T ^ St. ® ^ ^n i a fiff # a Jt£ M ;ic W Jg Jit: it W r i S 4^ 

JS 4 fte &<) (i¥ «;)-451. it ^ T lU ife M « W m 1? W 

grotto® 


0 Vitnivim^K .3. 

0 Scriptons mOrotogici Romaniied. Hultach. 124—208) . 

0 Chap.'niurol*B. Reehtrchei Hutoriques w U Princip d'Archimide, Psiit, \^9{txXnii deU 
Revue AnA^oiogi^ue, Annto 1868-1869) , 
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fct4»r(cte8ibiu8)^nl&ieS#0&ffiKe5l£Tc fikfn»tai£:if?2e<)mSR 

ABr^T. 

(Pn*u™(ic'^)-^4>iei^TS#li[A#L. +tH:iSfl^S^MAfn^^^^5S 

ia##AtrL. 1518 ^|S-t)cffilltS»f^(Aug8- 

burg) tt fie M o*^ m S tt 4 m M iA ;i ;^K 

tftM “ IS !t& ?£’’(eoIipUe )® 6<) 5c 

2). 

1 ^ 4 Bt, is n fig M-e 0^ M B ai ^ ^ I 

® S ® ffl 6^ E> (Oio/«m ) ®= 

O A.de Rochas in La Natun. Vol. XI ■ • 1883.13,14. 

® -eolipile'-t,-eoli-®aTifi+“H.»-2:*.“pilc"*'n”:t*o 

® »'.A.Tm**l»U: ]oar. of the Ass . of En- 

gin.Soe., Vol.XK .; PhiUdelfAia. 1897.1—19o 
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sftti.ftTffiiipstiwisS!iia]MSj®05. 

it ^ 

JgiUftEmi»(Nmeveh)W!fiSl:Sai77K^MW^ 
«iSmo®*#M,m^*tSS^WB^1SI)£eft!lJiT:A;m(|50^)c l&TM 
mK»si^j(5>wm-*(^7c^ 424 ^^fla)4’.wT-g^T 

9aim]o 139 ¥3ES5liJAWE^Et^:fefflB^W6^JA^C^S^^^iI^ 

(ptoicmy)iW]»rAtt^^q®f*f^^.#ffism»a«-3K^. ftessi, 
A l^ ^ ^n ^f It ^ tt «>tj, a ft )«fi<) ttf T a m IE fil &«) = 

SSrSiftCSSJ-^^fa-^'ie^^ 37:18;ft*-:^ 

ft»:AM»(Euciid)Mi?f^<sit^^>(catop(ricO 

s¥-ifeiSo ft®t5WEa3o ca^sftmAPHBttfei^^A. 

ft ~ ^ fg Ji m M ^ M m ^ M ft 4= “ l« tt Sc jg 0’■ (frag- 

mentum Bobiense)® t o 


O E. Gerland in Wiedemann * i Annaitn . VoJ. I. « New Sehee« 1ST7. 150~ 157.iH ^ ^ 
Gesch. d. Pkysik . 40« 

0 K.Weeeely. Wiener Studien. Vol. 13, 1S91.312*^323. W S % Wiedemann* $ BeihlaUer, 
Vol.l7. l893o 

0 E.Gerland* Ceschiehte der Pkysik , L^paig, IS92.9. 

0 Euclidis Open Omnia, Vd. 7, Edidil 1. L. Heiberg * Lipeiae* 1895. t&*i^ E. Wiedemann in 
Wied.Annaien, Vol.39* 1890.123o 

0 *‘Bobi€iise”BP Bovianum, fi^T^ ^ W — 'MfeK . ffi S W W Bojanott" 
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® ffl T s It ;fc P0 ^ e<) ^ e s tfj «c m. ^ Sc A sj ® 

j5!ciS-i"J)tfea|,[fflii§S^]®StA&«UifiB*.SAo SBTM*— 

( Pythagoras ), ^ S; M1# fn S fife A M &, S E& ^ff ja W It iU 

^ ai K # 33^ H, - M ii ^ ^ M a ?|J tl S tit W S'J 05 ^ M St ± T SR 

:8to® 


% fp 

^TftffifiS05;L^5II.itWi««IRfn!a5(JT#MA. *#005“A: 

tS”:t-.^iPJifP05Sl«I»f('n.ales of Mile.os)«y.j^WSft^W-fife 

05S#r%^W'K^05*«c 3ti0,-ttr%ffc05^^fe05W®E,ft 

^"(electron)-*!«:?=*T“4”(electricity)- 1 ^, A*5Ji&S«]»T 

II I-U)3Hi't&£e.^*^^ltlT!HF*flfe05<ife^6>(O« Gem,)d^i&^’PM 

iErM-#»ssj^%05r^o seftitfnsim.0f^i05^W;#istBS#e 

«^^;g®ittii,3E5ffl05AtEAfffiiK5#i^‘‘ffigt"(quick - iron)', 

^T!feA^tftrtm(Magnes)05SW^MSWiK(K^IBetfetllAAi(fe* 

a^Afn05;@.«.^tSl^9mffi5£at^ia053t:&LUA(Mounl Ida),fife05 
S W fT T fn ^ tt 05 Ji itti lit ^ @ ilb ® A ilfe 8f ? I. li( a fife fs *1 
®gBS[?F. flb^A0KKI^H,jeaT-#^jel>055*(tK^r)o 
J^-^Sei#5!],-MWfgA'KA05aai>KtitTSMjiK'effl^:S05 
JHt±05«tlI.® 


0 Thg DiaJcgues cf Piato, Vc^. Q .. E^ B.Jowefi .C.Scribner*! 

Soh«. New YoH(.537e( seq^ 

0 miD.<Anbiu 
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# , M ^ M fct W m , * ^ J: ftf) W if<J ^ ^ ( Bellerophon ) 9S 

^ r tl le M ^ &/h 3E a iE «E ifi Ji M 0 SE (M agnesia) M Jft *■ «E ;S 
SEMo ficM/&i£5l^iEMif^^,“Inagnet"(at^)-i^^ig^"“Magnesia^ 
*^«feam(Saniothrace)^±W«tro ®j^KfeWrXtfl#JS.T 

.iS5 

^ {X IS ? I jf, m a a ffi jf * w * m 6<) ® ? I ^ ffe 5p 6^] tg ;/j i w 

■E fn 6«J a S ^ SP 5tE g fS 5 o " ® 

* # H A a ^ ^ it a M m fn ar w # 4 X ^ i^ ;$: pal ^ » tei ;t 

raTWfl^irSEa. 


xn^'^Ttm ioo¥]tiaw"K 

A^&J^MAa5itm%.:&^4'AflS^!4»WI^®iCMgtfBo SISASP 

if M a A flt I Bl W 0 #. Sit a tg ^ I-U #§ ^ * iS IR ® « 

ifcWMfgx^c 


O Beda, DeSejH, Mim. A^urt<fi Park Benjamin)#®'t*Stft ThefrU^lectu- 

oiRiseinElMricitr, New York. 1895.46o (Jltea^St*l*y.*S*^««o) 

0 Joweu , The Dialogues of PUuo . Vol. 1 ., 223. (loa. ) 

0 G.Hellcaann. HimmA und Erde^ Vd. D .. 1890.113. 
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(Theophrastus of Eresus) 

275 ^64i«ffiWRafflWf^T-^<* h^> 

(Prognostics). fife Ak A s: se ^ M sea« 4" ai A n ® ffi w s A^ ti 

# IS; W“i"fS4^ Ji ^ jSte( Melanchthon) aj liSM O 

^ ^ ^ 1® S ft-Wc m M it a ^ fn :B. W W ^ -fl m ^ 

it m, ® ^ X ffe M W ?E W ie if Jft SP iH: Hfe m « W ® iS 3£ tR ft - ^. lil 

siyi.aflfeisa 

^ E . f&ft * 51J fr ft ^ fifi ± M ^ ai w “ 1^ Es", “ ^ £" ^p “ m 

l;-|: j:y. 

ai±:^-tgo 

aM®ja..±®Mi5afeWMX^«o ±i6WSP^SSX^I^ftSP 


0 C. Hftllmann. Himmei und Erde « V(d. H . • 1S90.119. 

® J.G.Wood London.IS94.tti*:Ki«ST-lf^»ff]-If i£:S^5&S;Cft«Vfi 

0 J.C. Poggendorff. Geichichte der Phyuk , Leipag* 1S79.42.( 1^^ A;lf 91 Poggendoiff ^fS 

0 Nicoroachus. //ormonices. 1. > 10. ( Meiboniius ttlf) ; P«phyT>« Piol.Harm., c. 3,213; 
Diogene* Laertius, VI. ,12. 
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aft s<i-f^ # aj Ji sj, ^ ^ fit m M a SI s ^ ^ ^ M m ®, 

^ i& ff fii »T ^ T W ^ E^i-W ® *11 Ji ^ S j(f ^ 3^ ® A fis ^ M 

m"®c Ainfl^] 

7 : m n/f a ij ft ff s r^T &f] M ^ ^, iw ^ «tj''fife x^-E # ft M 

W 6^1 iE fil S i®. ^ a fife ^91 it. ftp m-S 6 «) ^ ® in fS. Pi t 65 m ^ SC ^ 
fti^fgWflfraTo 


m ^ 


ttf#ft*65Ji.lg7ifeft#iSttS'JT'E65*-^e5afg#o 
ft;^J±lfea^&#W#S^®65M'^mi®^aEM±^^8fam^S^|S^it^i^i.$ IS 
I^I ^ iS §1 Kfe ^ i6S * 65 = ® JA i^ 7-¥ dl . i S!l ^ lit a SI % ® *S 1=^ 65 
7affei5^J^-^=fiiiEaa^65*a. ®7i£ieiSi7S»f0. ffiA65 
^iiEife#Sll3E652i®»aiTSXifS5i65^tlf465f)IS[fefe65ifeffi»®^ 


0 — 9& 

O #98 frtcTc/. 9th 6d.4>W“Mu8ic--#.a'M^HfifiTrt#*^*ll»lifr« 

»«e 

0 Helmholtz. .Senimioiu ^ Tone. A AJ. Ellis ffii .LomkHi.1855.1 
#K##'^SftSB7.ii. E. Zeller. History <f GrtA Philosophy .Eh S. F. AUeyne B 9 « London« 
1881. Vol.I. .431—433. ifejH. C. H. H. Pkrry. The EwUition of tho Art of Muzic, New Ycei, 1896. 
“Scales". 15—47c 

0 Helmholtz. JE^(2) .2660 

0 Nicomgchus.ltl^l I .«6; D .»33$ Pliny. H. N.. D .. 20$ Sin^. in Ariel, de Ctstlo. 
Sehol. . 496.llo 

0 Kurd Leeewiu. CeacAicAle der Atorniitik* V^.l. »2. 

0 J<^ Burnet. Eoriy Crtek Philosophy, London. 1908.3S7. 
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TfeiiE;i-Ji|5^*M»f(Achilles)®^flgfi±«l,o 

S M ifeffi 4* ^ ^ W W ^ 36 PR ^ ^ . Ht ia ?F T * ^ fH ftti 

^^0 I^7ifeK#a&Wf^«^M#l4#(Epicum8)P;f5Kirt,fife64)Kftb*- 
r^ 7 ife A*. S W S ^ :a M 4^ e fij fi-S :*: M ffl = 

?5-e 4^ 05 fiK se S il-'. ® ftfe fn * a ^r ffi fcb * ft ^ fib a ^ #P ® M ^ fi<) 
flKsK. 3^'ft-^#-|f&Affi^a^:^rffiJ5!J«fcfR4''“iB,a4-f5]@ja4'*^05 

^ it ffi ffl 05 @ ® ^ 05 ffi # fi. iA ia ® tii S, 31 a 11^ 

-«36M(S],ajifgfll0535-fe,©ji.-a=ig$05 

flbfn§eST:^^jB05Ao”®S4*IUS*S:ifif?t®^^5® 


0 

<Z) F. Bacon, in Preface (o the Novum Organum, Works , Nev Yorit > 1878. Vol. I.. 42»32. 

(3^ W.Whewell, History of the iTuiwtsve Seienees < New Ycvk* 1858. Vol.I.yS?. 

(3) J.5. Mill. System i^bsgic, Lomkn. 1851. Vol.l. .367. Mill Frospoctwe Rb- 

»?iew (February. 1850)3 * 15 + W—'t # tt HA » 

® James Harvey Robinscm« 7%e Mind in the Making > 1921. Chape. DC * V . 
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aj M X ftk W ^ ^. fP a; T y. ^ H-S ^ fn J5f ii a 6^ # A M § 

. ^*,jEJ6fiaEa±^?g 
S 6^1500 ¥ ^ 600 ^ &<i flt lai [#9, # St W ^. A * ^ ifn Kfe a ^ iS SJ T 

322 ¥Aae<).5r*.a#wfg^^t!ft 

®:AM^#,|I^^S¥'a^»^.|IBr*3|£^i,mll:^^^g»r.^ 

fi l£ ^ a. 1||0 i£, K ii ®. «p fi 5E a ± ^ SS A a lit ^ iS Be ^ 3t£ w o 

a*Wliiaj63|Ei®Aig|SWo flbffi¥'^65«aBA.*A65iSi¥^^Tlit 

^aftfeaaaaanfeawA/h.^itsitt 

Mm 1617 a»tM:?si^^64jiW^i-u0trjiiaA®iifife6gn 

^mSi^M^^^al^S(Syene)fi^)l«$^g^£^#aT^®^,m^giS'^^*M 

iUAM6?)AXgWjeStaTiH*iXSo ^-^#SIAS^TttS 

s!SAW^^#S§#*#BIAW 

it^46<,#^^SF?E;tBJT5|5Bo 


0 George Sajtoo. IntroduOion to the History of Sdenee. 274. 



18 


^ 4 A 


¥6<)®f5s= M.v.sfijisci^ 

TCSIr 85 ^26 ^) 5(®I'ttife)( De Rerum iVaiura) 

1*, ;b ^ M ^ ^ li tt M ^/g ira (2—66), a sfe A If w # # ^1=/B, 

ftfet^SjftSIS^M^SKKmg Theodoric)W5eEo 

ffi-iEo"® 

19 sic6<i„ 


(T Lucretius r De rtrum naiura . Book. I, lines 55 600$ Book. D . lines 96—98; 478—S68. 
(Z> R Jl<Book. 0 , lines 150—lS6;Bo(4( ID « line 235c 
0) C.J.Keyser. BuU . Am. Malh . Soe.. V(d.24. 1918.268,321. 
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lEiin 

flg jy. fife g a W a W &<) II« ®F ?£ ;S ftt, ^ ^ it, If, 5g 5E * ^ 55 ^ 

atfefl^^iRo ^/Eirawsiitiiswas^m-itswMa^iyfj^fiStw 
fe©-#= 

Sfe. teWW^^?Ei«7ii«li,ffifto 

Naluralium quaeslionum libri \l)ft‘t’1&iB9tW® 

^ ^8! - ^ % a ii: ^5 ffi 7 m-K |1^ o ® ffe SI* ;/j # W S »;t ffl te ?f£ 
iji fi<i. ftfe r m life ^ m. - ^ « A te M 7^ sj - ?£ R ■!£ M ft. ® M * 
ARfiT^&S6^:^f¥±'eWig^o 

4'.$^JE4»T(Amomu9)M»AM«e)»&JiS#^@itfe^S^3fefi<). 

MBrjar, ffEirg.fifea-^^itife#fS®^Affi^i^±fSfSfaTiife¥ 

WAo 


(X> F.Roeenb^rger, Geuhithu der Phytik , Pun \. * 1832.45. tU^^I ffl Roe«nb^rgpr 
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0[i:3:^,mBPtiiiaTa«®^6«)ff=tW= rfc^^^^jcsiSS.IS^SK^S 
^mmnxit^m^^mfktamo ^tfefnM':aitet#i'J7ep®A^fl# 

^:frffiTOf6Ajt=t^!|-^f^fbTJi^J+SW®iWo m*.-)K5fsW.ffefn 

* ®j ii 5f ^r ffi # ^ fti. ^ ^ iii fib fn ^ ffi ®i ii ^ ftn itt fife fn a 

jLHW-7-Aii^aiitfeffia^5)-3tffi^^Tfeo 

7-A DC Jipg ft •[»&«. flbWRJiffi=SW^«:Ji:|i^fS*|!gS-IH®]->'& 

«!■»&#■ 0c h.®-P5r«]-i®iSi!S(Abfl‘AlI d Hasan ibn d 
Hasan ibn A1 Haitan.)o f&aiiSfKtSMWrMlfP Wl«»fBosra), 

®?t-SJAEM$^fiEo ^-'^'^aJe®'^ffS!lTII^«J•l>&lti®ftiT^&Sm 
^mm^R^To fFSai?fBimW0,flfefiit^TS7-itS'J. flfe?BTK 

fife ^ ® fife s a * p& M s ffi w ^ , §1 a ^ a ^ * IS ;s: fr, fife - a 

7 A ^C ^^ «3fc ^ :fir ® fig ^5 o 
fifefig<^^>®i?i®fi[TS;,#A 1572 ¥fi3;g^(Baie)aflSo fifey. 
#]gAi§pa^?JTffiSlt5Bii4*[Sltft«Alt^]ffi^fig^#,^f^ 


»& 


® »&MS(cdiph).^»Fsesst««-&-««tt, 
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at55= ¥^f7±^*W3t^Al^flj^ffi^fl^,Sl'JSI^5iJi^^^±= 

1^ fi<) ^ 5F S f® W ^ 7. # --r ^ JF IP we § e 09 ^ g « 4>'C.'. M ^ 

M s «09" H It) ■ i>& *e rs] e": ^ ^ K ss 09 © *, # ^ ^ ffi 

S8,iaittffi«g!tIiffiffi^±09S4Slt09S-j^to 
ffi09itw?24'jfea09o 4l»I»i-P&i«^'ea^TJft^]fnX»5fe09itTfe 
^.-e * g^ *HI St ra « T, S -e ^ ti] T # 4 # ;l M ^ ffl)« 09 - jte R 

Mo® 

a s s te «i«ta ii 09 X a 4^. PH fj • »& M * T A It ^ w ^f 1^ 

^, ?f idE W T ft «!i« ^ 7 A It ^ tR Sf It ^ fct Ji # « 09 m ^ 

09o fi;fi,fttefnM7A#|SaWJfeBCStX09^flt^flio R«j-B&m09fX 
sji*-4"®si;ife^#09^wip]S09isi®«fiffl^09,tftE'e09~ 
^aAA4^= Alt3t^iiil&a09?Li^ttiiil4’'i:’^Tft091fil&ffio 

^ Hi A It ^ tP S It 09 ® ft] ;t fit o 

fit tfe. * 7-e fn 09 A 4'Ji lit ite ffl 09 e H' 09 IE fe it M ig fig 

09o ii«>)lS^ft4-AW#E!^mtT.{iJtS^ffi£#iag^o Rti-P&lt?# 
fj 09 ^Sife . tr fi tn ti S ^ S ^ 3|E g A P0 09 it. tfff -e in s e ® s 

?feo® 

R«)j<i«JS^ai«Zi^tPffl^AK09m-'ttia^^o feiit.ilfe 
Mig)SfJ^Sf^ftHiitfe09)B»09o BBB»K^SP^409:g#giS7if 
^taTA09R«i-P&iS09ffla.Wfin“R^’\“^l®”,“Sfl5t^«”(:K« 


0 ^ 7 |BiI lb * % 4 ft 9S JE» Piul Bode. “Alheaeneche Spiegel ' Aufgabe'*, Sepmt • 

Abdnick eue dem Jahr€s6erkht des Physikolischen Venins m Frani^urt a. iV. . 1891 —1892; Looped 
Schneaee. Die Optik Aliuuen$, Pr. Surgvd. 1889$ Bunneo m Zeiischr. d. detMchen Morgtnl. 
GwiUt^iofi « 36r 18B2.195; E. Wiedemann, in Wiedemann * / Annalen, N . F., V^.39. • 110—130$ 
ifeja V0I.7. .68O0 

0 E.Wiedemumi*<||:t:ft«% WodienjcAr./. d^lr. , Afe- 

tear. . u. Geogr. « 1890. No. 17a 
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# fp 10 M ^ T fift:®: Ji * K BS Sic a ?fe g| M a ife 6 ^; ftfe fn «j® ?S ^ 

j^aif , Bpa^^Mmeg^iE g 

TOf0AS®7“fcta"W«l:S;,#f^mTiH^'e&5^^:&'^c H 
«lj-lt#/E^^itl;gMT-^^Wt&]Tf*^Mi?5itW^Sf«S= iCTKiia^ 
^ s 5!)tt □. jK ® ffi ^ 14^ s A § s tw »)S as Hi 6<i 7k m. * 0 ^n 

ii37^ 


O Charles Sin^, Sfudiet in the History and Method of Science * Oxford« 1917—1921« Vol. 
11 . »389. 

O E. Wiedeoiajin in Wiedemann's Annalen y Vid .39«1890.470. 

(3) Joantal of ^menoan Oriental Society, M . »SI~128; JQi F. Roaenberger, 

Part 1. .8l““86e 

0 A. WiRsteui.**Ud>er die Waaaenihr und das 

Aatiolabium dea Anacber .£ &^AMmilcA* s ^eittcAr., Vcil.39* 1S94, Hbt. til. Abtheilung.43o 





S(R M W , iffi M ^ SJ ± j;c. t tft iB fi<) 

iitt]sasi2 

tftSS^^##liiife*&^l|55I^^[^e:a;i#4:MS|!^i‘lfi^#i^Ji«S.= ®a±^ 

4-tft Id, 5E M ± ^ |g W® fil T^ M a - ife S, ii # ;F 3E M 
#|5;i-f4fIJ»WMi^—^^±.;(4fln$iJi&tiiMjit = ® 


O bt ^ ^ Z 9B M 4* 'tt £ ^ « Z George Seiton* 6 /run<UiCtwn to the Hiitory tf 

Science « \ciBi5L Lynn Hmndike' e History of nruf Expervrwrtfo/ Science & 
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^ ^ 6<i iH ^ ^ ^ m a ^ »it j& * a SI, m 5 fn ?t; ^ He 

fiuiiigm e 11 sjet 1093 

it )S 6<] ^ 't’SE T “ * tt W ^ )K ff W S: m't* ® ^ M ^ fil 6^) lx 

1086—1099 + a 

w^s^^fttwfi35= Bfimaw-^iUcs 1218 ^i^^,mt^“5t^Tlif[ 

1 282 ^ 4> *X S«. IE es tf-Sc ft ^ ^ ^ A ±, •£ in St S ff ft ;!K 

iiA^iJAtifeaii^fiio® 


=^3e't>a4-«;»ftta»s*«stt.«a##ra»eie, —»a 

® RoeeRber^»n 15 SS0*Pan ]. >97o 
(3) Benjamin«PI 9 ll^(X)*63'‘—74o 
(D Gecrge Sarton« cp. dl. .756,764. 

O ?lg Benjamin.75c 2A, -1*3 

1$) Geoi^ Sarton, op. at., 764. 



*——=f 1269 12 0 

a^AW5t:^>a*S@J^S‘i;R-tS^a(Roger Bacon 1214? - 

1294)&(i®A«[Wo 

;^c m :g 5ti M ta « . M .a ^ ^ fif « J5 . ^!S M S!l it ® « 65 ^ 18 mij 4 X A ^ ± . 
ftfeaBSSPfl^^-^^A.«IggS^rX^t]iSS#3t^65W.«= ife65 
f&^te/^tj[jji2(Luce™)aJr^e5fi£«4>^®e5o® 

65 -M . ap 05 iS $ < Anjou ) 65 « a (Charies) a T O ] 

S'4"(Rose of the Wind8)ft@To® Hifi-fL^X 

65S']®[li]a65*g?^o 

Afn*5[I^«(im<Naples)3£^@fM|gjeT-<i:t4ffii,^^j^!(5 1302 

a^Ajftm*Af'j65i®i^!!R0(A- 
inaifi)65^^,Afn-Ks^ia3tEjEfib#fti[;ts'*65!!&ffi. sifnas^ii. 

T gf ^ M Je g B S {«[ Ji ^ 65 S ^ A 65 o 

if65o ®JSi^T-#::^M^&Sth65W^.MiS65ai4^A49g^05^ 
atrtM««*r±o® 


O 1558 HclliDBJui'fi Neudnckt ton Schriften 

u. Karten abfr Mftw. u^ Erdmagn., ^oAOt Berlin, 1898. tkiSi Benjuiin.165—187.AAft P.F. 
MotteUy, Biographicai History of EUctridty and Magnetism, Lowiofi, 1922.45—54® 

^ A. Breuftin^, Oie Hautisehen Instrwnmte bis zur E/findung des 

SpiegeUextanten , Bremen. 1890.5—24« 

^ Breiuin^. i8.S<3).16:Cankn. £ie Lib. I M ., de vtiiMM aiti^doeisque rebus. 

Basil. 1560.1028.«*-a«ai»±ft 1876 ^T-#*« , Jg. EncyoUgroedia 

Britannica . 9th ed.. '' Campase" — ^ o 
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10 ta tB W - 0 ^ (ft 0.9 T H S H! a fi W « 65 i S f51 ®-h M 

mMte. i3tH:^^ffi65-^tfeS;4’.)Sf#TSaf^iUP^*?lt?Se5:^r&^l 
^ 5E M tl 65 # 3® T ii ^ ft 65 ^ M it Z. BP 4S tb » ^ 
#65^ae5ffl-ffl®tftTS:^/h<. lf^(Thurot)(ft.Siai0^:4=9’lg- 
ftmar-tts’-isi. 

i®i«18 ® a « i s f 5 ] s flg ^ (n s Jif 65 ® e. ^ 1 a ii-'ff 

fJW^^fn65ftS£= IlS!! i6i4^,3EM±^a65i^dl65if%^ai£ 

i5^«f#iiTitBT65«tfe:“*;^3Ji:g^e5^^14.'£SHT5t ?$■,««« 
28 :fc/]'.*^3^##14.7L3!fffiTP^JSo”“:4c*«T®65!^^flS654>IBl7c 

e^*651ife:^r.«*±65SnaWl:»,m:^4*SS±?t-ft0i^g 
^f^^^KSJ^s.® Afnftnjit!gsitfefflma*^TS*65afg65®a, 
lU a S iS A a ^ fife 65 K 3E a ± ^ « 65 )ffi ^ 0 65 «[ 1* ;^J ^ 65 ^ 
^i£m65,ftfe!S!fJ^f#^«“Sif^»;f3^65#»"a^@Tafflfifege 
65m,4o® 


it ¥ 

l3tti:S,0cJfHA?NftTftF^jaf0AiBPM1#Sije5^£^^iR. 1278 
¥. ^4 W S (Corinth) 65 A ± lit Ifi * • ^ 51 :£ IH «] • P& It ^ T M tl 

ttfflm65i£:3tS#fi!tKcTS:o *5 1270 ftfe65fl9S- 

( Thuringian) 65 fS it ± It m . ^ li: m a IS, W R «J ■ B& ±S 65 * A ^ 

^Sffiaa65P3f^l»#A^^65]e^@f^lt.^^aiiE^T.^iIi^:^5^I«f 
65*m«Sffi,!il'JSSe5BfS£A3S0o fifeftiil.fi:1£^*^MM± 


0 Chap . 'Hiurol« Frincipe d' ArcHmide. 27. 

(Z> ^'hew«ll» Hiau>ry €f the InduOivf Scieneet, New York« V^.t., 1858.236. 
0 ^&CZ).236« 

0 m^(Z).189»236« 
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IK m TIH <6 S. i® ig m tS ^ iC 4^ ilfe tb W A % * ^ S ■ :e 

1^ 4^ M -15 41 :a; fill s i? M iS ® fi«l o ® 

lS^gft4’tH;4a^^i4-flgW.®!®MAo 44-f^WE|gSliWiil^, 

ftb5i4T^Ke^«ii±fnEHj^iiii! 

it-6<)l^ A ^ ^ M S tfl T - ^^ ^ T “ ^ 9^ M ^ " M nf nf 45. a iL4r 5(1 

TflfeW^MS3£S^n^tt^0tH:(Pope Clement IV)= 

®i@i®7flfeJ|I4'B^•ft.SM^WiBP^#Slj0ffio 

1E«T io¥o a#,ii4'l:^Ati6f)A;j-®feS|i^a4ftM®f&^p® 


0 E.Wiedemami in Wietkmann* s AnnaUn » Vol.39. 1890.130. 




tetU*iaWi§W3|£W?£S«o 


2 3t ^ ± ^ - 4 ft A W I& fij =6 ffi H T ft H « m 

^2:T#aM<4^^-= Kaws.ie«!ia^jffl*-^,®sitfeT^-T'ew 
([aj6t^^^^|■A^C^S®4fi^)ii4•ffiAfftft,(^fl^jI^^SA4'«[^7#li& 
A:SC^6<]i^'ieo 

6ti#MA4m^T= m.s.±^mm.mnm-$£Bixm^En^±mmmm 
KiiEBJTa^Mo 
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# It 6^1 ^ :i!; ^ ^ ^ a #f a ^ * ig M. M a flfe fn 6^1 - S A. 

® M Si A fn ^ ^ a M’’. ® ffi ts ifi T la A PH 4^-L'K jg . 

per « tE ® ii -e: “ fit 6 <HS iii ;&. ® ffi w A PH Ji » ± 5tl M, ite 
^ Iffl jf^ ^ a ^ A PH ^ . A PH ith s s ^ ^fi it w 4> * =" # IS 5?; yi. 
p6ismiss;i£Wiiiai^“i^fl4gE#'easMtt^^"» 
jg W ^ ^ tfl: *e. # «5£ 5 i*. T 0 ^11'fg iSi. A m * B A # ^!e'E ^ tl yi 

0^ fr a M ^ M A M laij f 4 (^[I1 lit» ± w SE « s-S PJ M ® fr is ^). fit ® 

ffl"4=$fe”Maife4-Am*Kt1»Sa«'Aa«i]tt. Bitt.#W3£^inT 
P^ a m JS s; M A *¥ W fg itt, a fS ftfe fS @ A i* M ^ . m fife M W A PH A 
t-il'M 0 ?|J T laiife^ A 4^-C,'W jffl A o 

# M M A s; IK ^ s; ^ fp # tfi Sr w M :g fit) A $£ fS'C.'y^ 4E )#¥ 

5t5 fS i^ 6^1: (1) a ^ fr a ft # - ^ li: ;2: A :*: tt W 4' ® R? 0f fjS[ 6<j ¥ « §!); 
(2)ii^4^$fe0fi4>-i>?&#^itfe«Mm-4'ffl/^@ffttWis^= m^mn 32 
M,aM--Mai^iafKifefsaT^Ta^itAPHis$^wit^itii.m 
4=$feMi5g)fxf5ia»;sgjirseo a4^ai5^aaAitfe^4s::&65*$ 

f*^ftfcWAa*-4"ffi#A/hMlBi±is^o Bjtk,ii4"*ft6«j^yi* 
iafgiE@iWo #ts:^a.-tgij.5[im-®sfg^ii!!^a^@iJit*±Keyf 

ii4'*ftwf*^a®i=:gW5EB5aiAaeM-'hA5:^^ft«jSf 


^ ^ ^ 4* A Lynn Hiontdiket Hisicry <jf Magic and fxperimen- 

tal Sdcnct « Vol. I. ,480r4Sl; VoJ. 11 •«35.864j J. L. £. Dreyer io Chtriea J. Singer* b Studiei in the 
History and Method of Sdenee , Mord. 1917—1921, Vol - D . ,102—120® 

® Sir HwRus Heath, Arisutrchm of Samos , the Copermass of Anti^y, Loodon, 1920. 



26 / 


® ^ *f “E a f?c i>: J® 3|£ Jt :*: 6*1 J6 ^ ^. ?K M, 4 M, i: ffl, ^ M, 

9 3 /§( Copernicus) o 

^&isifis^s^ww#±wftm(Thom)c i3 

T # ^ m - W tt ft «J«0f * M S ® t* M «¥ #. ® fH i<fe ®f ?£ 

a-6ift®Mi»ia»ri@5£Wsao ®a!lT**f^;5fei|B^4'^#SlJfl^)e^.fl^ 

Oe orbium caelestium revolutionibus )WflS^i®ftMS 1542 ^, ftfe 

r^s^'Ea^Biiaiss, 

fowl'] IS— 

iiSo 

Iff e m (? iji, iib ^ M^ # g a fi<) g s^ gs # A P0 

®m-acisPT^=rrw$^fc^pffMeatt^«i^@. 

W - ^ « A fife *. f&iX A —W A ± fit) is ^ «5 * OS fiff5(J W S. 

^ tg W e iS ?;f ft tH fi^ S Stt ft f)« ^ fit) ife ^ ii t£ ft fi^ . ^ if a 

-ft&«]-fif)A^. 

® M BE ft W 3« . itt H ■ il'itt Ji “ IE 91 fit)" m ^'ll'ift ^ ^ fit)". a 

'efn-#*paiEfiiw,®ft^T^[^6tjjiJa.^„ 

;i. fE A P0 ^ « ft # ® ^ fit) # m J^i ( ^ if. ) ]5f[« A P0 A; ^- 
ftm.4;t.iEa^:®^fit)#M^i&*ife^A. an^fi^iftsAftMiiT 

A»«W!0M9f^ 

w®)A#^#sp#.ft^^ft&t)m«^p*3S;f-fto ®ffe;t-A'ftAfi^m 
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® ± it. ^ JF ir& W K * ftfe M ^ 0 0f ie ^ T 5t£ &5 ^ 7 ^T M &«) m Jfim il4. 

JS-WffilH! 

(1) # - tr M 0 S -'^ ffg ESi^ it ± is ?(|, :*: ffi 4t S tfl Iffll M ^ ^ 

; 2 : - ± ( 1609 ¥ S ^ ); ( 2 ) ^ ;i: pg ^ ^f M W g * ^ fi<) 8 ^ [ 1 ] 

16O9^)i(3)ftHM^tfMjgi^-jgM0^ffl] 

f^-. r,* = d^-.d,^ 

1618 iittSfli .^<S®;fcP0;t@E6*)itafTa;lfflgS# 

'ei5^$0^.iiss#^fSlJ7:fr@w«j^= 

1J ^ 35 


fft t^i li^ ®. A ?• F? ?!ff W # ^ f 5fe ® fct flM W # 9 ( Bruges ) M * 


Q • —Astronomic nova. j0,ff #®M Optra, ed. PriKh, 
Vol. in . *337,408 De Hanr^nka nuandi, lib. V - * Chap. 3. JB, Opcro , Vol. V,, 

279e 

® A.D. White * The Woifart of Sdenee with Christian ThoUogy, 

New York* 1896. Vol. J-*I14—I70e 
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?6 


SS7ffe*i^“^fi£6«l^f^,1608 ^Vim:f3<9!l^^li^y(. Hypomn^rmua 
mathematical^nrX. Tffi—t 

^A^Me'J^filili®ti:SSMttllWI«(GalUeo)W?(j^= ffeJ^-Stfc 

^ ® tt life 1 # ^ ffe iS*^. T fi JP S y. ^ Jg S W «c 1 ^ W 14 # M tJf 

no * aa^ 

ftT f&^ BK r «^ # a :a: tfj ^ fS , ia ffe m ^ a S!) 7 5P Jit ?M 

?.4Wa5I^,WBcffe^^#^« 1591 1592 

161O^^t^|aJ.^^fej&^0^E(Padua)Wi^:S= I^SSP Mffeftll Ifi 7 SS 

{Grand Duke of Tuscany) 

;L^;s.ffeB{«c^W4f^i)t?fte7, fife^®[i&i[iiffl^a;g^iii,sitt 

9 }^, fi{Sll^t]i&ft^:a;tj£S7 16I6#6^J^4-.T 1632 ^S^7-:$: 
Iff , BP < X4 iS )(Diote^o), a 4= ^5 S. ffe 4 ^-fr b2 5!j )& ife lE 7 ^ e ® ^ 
antfiSfem-ifc^ffc a(it7o^fi^^Aas7®^^, 
te^sfngStlid. 


S) i^iEE-Moeh. Seienee Mechaaia {ed.Me Comtek) .2A —34» 

® §lg A. D.While.JE27jSS(Z).Vol.l..142.Tie«!ftl-:tJg.af<J«tt£3fc.«!!«>« 
«8t:-‘Epiiur»muove'(‘-^i&-e2£4ae7'')e &xt#tt:Jt;iRf^i.k]cn^a?asa± 
(G.Berthold)49i8a^JSife:a^a*fi-»f^itt, fi«3E«fB]«Ji ,“BT®•£Z4Sll^"3 
'^i££37ttl>Jii&£-i'!$8SiE&(*9'i:^4'6^fa;^. JEBenbold. Zeiuchr.f. Math. rnidPhys., Vol. 
42. 1897.5—9; R.Wolf. Ge^A .d. A^rtmomte. MUDchen, 1877.262o 



/ 29 


tfiD fij ns ^ii ^ A fn ^ tg ic ^ ^ tK # ^ 14 ^ ^5 M A :3: -, fife 
14 ^ ii # - # S a, BP tt ^ F. fg ffft Hfe A y. iR o 

* less^,:^ 

{£JtiS^MMriSrf^-^ W^iSi^C Dwcoura« on Two New Sciences pertain¬ 
ing to Mechanics and Local Motions )(Uf~F/Slft'j^f!^T5))o affiAffli^ 
a ® Xit iS ^ fife 6f] ® ft A « Ji S ^ fif) iR Ht o 

jS JfE W ftfc # A ffl i*. W ^ A ft ® fln ^ij ■§ ft ^ 4^ fife ft 0 5J-ft M 
ismjc^fifeffisto fifeSfife^^sftffi-^fifeA^ftfifesi^itgs^iS 
hf«[T3S3&n4? flfe»fifeTt»TttrAi4SMffiftfifeiS^n4? ATftfe 

ftfttftjB&sfe 

^ft^m$;ssiwfifefife6fe*-^&feftiewmn^? 

^ K fife ft ^ IS] @. ft Jgil Ji |« a A ^ m ^ ® ft * A A S /g H • S£ 

K ^S # =1A SP A fife 20 # fife flo ft »& * ft SIJ IIS fife SS «.«fn e 

yf il fife W A flO ft B& fife ft ^ ft ap :ft Hfe a 35^ T 44 s ® fS] @ fife 0 „ 

fSD ft iS 4 tt *4 « ft ftt T ^ ^, a l-U fife fife ^ ft ^ it ^ fE fife * 
ftAfR®ftfe.^^fl?cfefXCi*ftfteftii&fifefl!feftAil.iRf]]||ftBSftfe. ftft 
S! a ft «:t ft af fife fl4 ^^ fes ^ lE ra T ft ^ S fife fife ^ ft 3fc ilg, ® fife 
®ft^ftflfe3i,ftft*ftf6^;gNB4ft&feft^ft,ftGgftA^ftT«ft 
f5]M,m#P?ftftWftmftB&f44T&ftfifeA^ft«^= Sf!fi,araftft# 
aw^afiiDftis6feft4^,ieft«2i^attg^5^^.a-^^;2:4h,ft^ft 
iiE0j:^i4mfti&ftiB6fem*S$;E6fe®i^= ftS 

f&a^fijTfJllftBSpTflg^ftfciig^W^fife 
^-^}«^^Tfife@A(ife3S^>fifeifeai5^flfe4c0ifeAo fJ|]ftB&^ 
A S: A a ife A:-e ft ^ :a; ffc ft iS ® ffi 200 ^ ^ fl4 ^ - £)<: iH IIS fife. 

a A <Tfe s ^ > a ft ft fiSt»fife ft a. ft «fsi ft i& .6 ft fife A @1 s at 


(!) A.D. While B 27 Ktt®.142,l43o 

® Emil WohvrilU GaUUi und Son Kamf/ftit die Capem icanuehe Uhn , Vo). I. , 1909. 80— 




118. 
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^^ SB ^ S ^ St T tio fJ « SP W ffe tg * fct ^ 

|l^^^ia^T<i£^^>6^)®f^^»aJ6^]^i^erls^^I^m 

T. ^ flM Sfj n& 16 ^^f ^ . < ife ^ ^ T « ^<1B5 ^ T m M S<), 

-“M.^0f"(ex tum)^“W.i^iS"(ex alia tunD^-^i^ 

«”(ab aita turn)-fife ± SB 3E S ± ^ IS ^ «: #lj &fj 

Stagirite)® 

6^]^i^^M5a^!^S:^^:“ai^^3ES±^^B^“^T3^a±^^fiW^iMKlijE 

3za±^0j&sf¥yiM"o a^is*-^^w^itW¥gA«^!ic« 
lfe4A^*#±TfeiiEaZM±^«Mm^Bt@fW&tl. 

5tt 3E a ± ^ ?8 ^ S M «t i¥ «E A ^ 4> il ^J T S )tt, s 3|^ ft filil ^<1 

^ ^ ^ 6«) f# ?5t T, ^ tt ® W * 1«S m fi «li fii T ^ iJ: ^ 

39 m^m^o a®g^:^^«6fttiiawfiji&fi i638 iF(^^47^s)^w 
< ^ ig > 4^ Kl - ^. f&il: ts a ^ ® ( Sagrcdo ) ft , fiJt £t 3^ ^ ^ 

M^#a£®(simpiicio)tiiiE5e^i;M*STfe:ft 200 ssRWieiSNftT^ 
6^-/h44i 4^^ 882 4^SMESW^^^^tfc-4"KW4^8?Mtfe?¥# 


0 S(.fprite.lS@XM±#:||6<)ili£i6Sugir..<ttt%SM±^«. -i¥2£ 

< 2 )<s> n«£}9{Mfii«»jK 

jS..s^xns.m±^mKiei^, —»a 
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;£!'^ i!^ tii, * W fij ■& lii M 6«) ft, ^ ® A «|5 fg « S 3E M 

t#?J7^T^tt^fi<)iEaE!».® S£^fn0f^.a®A«SS^ftfci±3Clt. 

M ftb fn 5I^ :S ^ w - lift 6«) j® w Jt ife. fi fn 5IJ T a ?-ic: 

M^o flfeM^a^6^J3Si^®tI«^SiT¥^+tW$^t = 

ft-"fr 6^ < ^ 7;(; f «ie ^ ft M n *f # # W « > 

^^^^ M. fliO ft] B& M < 5ff iS > W W * A «:!, a ^ ^ ^ ^ Si 

ftnfj 

1^ ^ ® tu ^ 1^ M ti a * ® 3tE 0 ¥F a ^ f5] ®. M s w - ^ ^ i-:^ ^i: ;t ^ a 

js @ a M Bt 5t s 6^ M fs. sp-^. s M 7-a ® gff ffi 1? W 0^ fti s ^ 

SIJ EH Ji. ifn. SS in # iij. ti S T J¥f a e ®f« g &?) |1] . 51 $ ^ 
^^§TM^iifct^5STra^i^^^B^K^^% BfWSPWaSMlSiPJittfNTiST 

mmt^a^fsj^rm-^m^ —BPs^g^tfc^TTitWfl+iE— 

nfeM- 

?tw^^^atM'eo ih-^'miaiTfiiXAm&g^^aMa^EifeAiSToitfe 


0 SL Henry Crew and Alfonso de SaKio if 4* > S ^ Dialogues Concemifig Two New Science , 
New York. l9U.62e 0>iva£i’ a KLusiicer tier exocten Wistensefutfien Noe. 11 «24,2So 

lZ) jS. H. Wieleitner in Zeitschr^ fbr mathematuchen und natunduenscfu^iehen Unterrieiu « Vol. 
44. 1913.209—228« 

<3) Crew and De Salvio. I^^d)«168o 
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0tfaTrt.ffeih;!Kilit'tiimit^TM= ^teiJfe$5^aj7)cWS 
*, ^ W a^ I Bl SE tt «a| ^ e IS; ^ W tKI:=® 

^ ^ M In I® ?5 IB] M ^ ^. m fij *& a ^ T §P T 

^ ^ W m M « W Bt fBi w a ^ ti 14; i-U ffl a T-e W $ 
1^* ii S - ^ ^^ Sf) 1^ « m S3 0f 35 H 

E« i iBiis^o fifei-:^ffl3 3iEi(ifl^ii>h^ao® fB a^s 

ffl 3 /tBFC 

mmmi^m^&^mmim 4).® *^Tis^f5i@ati:<=t@t.flpfi]B&ia 

m ^ ® ^. B|J«ffi ^ ^ : flg ft ffl 
|Bi65at|B]rt,^e^g«±tfe4SI## 
iPiiii ^ , a ^ is ^ W B^ |B| w 
fct ^J, B. a 14^ W is ^ M ^ fi)t 91 
gc IS Itfc faj ;f^ S i ^ tt. $ it W {#. 
wsic«;5,m#^:awi5^.a^tte 

fta;tMK^ 

A y. iS # # 5t iu j[ ^ iS] fr is ^^ ^ # i[ nb jS 51J jft ® ±. 

B& yi: “ ^ 3ft 1^ IS at 0f I# f!l fi^J ^ §(J * ^ T fg IE ffi ^ is 

5& #;«; iS a 1 ^ # w iitt ± Ptr 35 M 5& * a ” fit M t; 14; ss g w ss # «Bj, 




0 le. Crew ind De Sdvio,^ 31 M£(D.179. 
® «,fli4']«<»t®>.173c 

0 jEa«e<X=fS>.249= 
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fibawie'efn«S5iii3f5. 42 

¥ ^T 0 a ® a. ® fib a w ?E 4)-iA. m M-e w r s. 

^liSfiiifJB&aS:W^-^f5]@JiiSfi^)^f^o iinN?Sf*6<j1#J&- 

1583 ¥. ^ ftb 4 tt ii: # ^ff , fife W a « A fflE A ^ lit ^ iS ^ 6^) 
AfftfT6fJj5^0f>a5lo fl0^iJ»&li(aflbfZWM^BPflbadWJ»ffl3|£it 

ftb^a,ftftb@fffi*ffS'JWPSSf^.BPffiis5tieA 

a ftb M (^ ig> t T ft . a ® 3Cia il , fg ^ W fBJ A fl<«! T fg M ® 

fife!tf-Bt[a]*SSJ5W 

®A^«tJiaftfe^B9lit0f^tilWo a 1641 ¥.flbtS^ftbMiL^^I^« 

i656^,«Sm3i3i:ilb^^Tffi«-.'ef§iiJTifiaEfiiWiaW*^o sjtfc. 


(D Kepler. Opero OmAM( ft jttt) >Voi. VI. ,341.342. 

Crew eod De SaKio,96e 

0 R.Wolf, tocAicfcrt der 

369 ),ffe«:ni»^MVr(£din 6 ur^A Encyciopoedia , Vol. D .. imiHlAttAfiH ^ » 

ifeTa^*««K56.#H E.CerUnd. ZeUsch. /. Instm^ 
ment^nKunde, Vol.4.. 1888.77; W. C. L. V.SchaUc. n±9f£. Vol. ^ . .350.428; S.GUntber. 
Vermucfue Urttenuchungen, L^pzig, 1876.308^344; G.Berthold. Sefddmiich' t Zatt^. , V<^.38. 
1893. Hiei.Ut.Abth. J23« 


34 / tilifjt 


flnflj B& 1638 ¥ « < 5t=f T§ > ^ ii fS W W # , {X a ^ D£ fi 

W.G.3ES»fiJ£ 

* tSD fij i& fif) [^ W A 4^. fife ^ Ul fj ®. ± IT * S ftfe & ^ $ 4^ 

W - 1 'M is m it 14 8l£ ^T T, ffa & ^ ^ ffi. i*. in g t # ?|J W Sft Si 


44 



^.M^Ji1B^SWiIiaJPflfeSC=g:WaAMA4-= 4i»5Pfa'^«W?l'?E 
mg?ai®rM1^tiE,tE'eiglEiift1feMiatz:4>,lG'effi1lfeMSSl«»5S5W:5i‘ 

S^(Wesel)g<)^li^S(Mid<ileburg)^m^^]S!lf^J{lll^]S^^ 1608 


(D JVotuns, Vol.V., 1871—1872.389. 

^ E.Macht **0n the Part Flaed by Accident in Invendttt and Diaccvery”. Monist, Vol. VI., 




166. 
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1608 ^ 10 ^ 2 a Ain 

^^aiXM^llb900*i5sS(^W^i¥fB).;:^ltfe^E 1609^^^&(lS 

c.i[®iKi5^=®E?o.sp^itimeD F.^m^ 

0 s s>j iS M is ffi ife, Ji jS ai M A c 

sfeAsoiswaitt^.itfeft i6io^nm3\T:^M.^iis.,m^^w\m\ 46 


0 Dr.H.Servut, Die Geichidue des Femnhn, BrHin. 1886,39. 
S«W«ll*«#,**fJA«tt-a^«4ttW<aiR«l«*)(1589¥#i:tt)=B4';L1Sr^r 

K«;eia«Kai^ft&M2a^±. IS7I ¥.«mJKft!^(Briuoi)K L.iaRViT-:4^ 

13i«. 1831 Z.t>i^ 

lif«9r«aiatt89£RA.a«t«8«iI^M A.««4ffifac.ll«n;^v.«aAS.^a4mfti 

a«$}»#, ia?F*®w^.w4a 

aA«l^±tR.^*iiajs«69«f^o 

f6»aiatt»SlijaTlU*a^^tt/hX^^irifid!)»». /i<rui>c. Ac- 

cad. Nopal. .(2)1., 1887: C.R. 107.No. 14.1888: P<^'* Ztiaelir. . Zuieiier Jahrgang. 1888.93, 

ftlO^,^g((', ttnattlt£%dT»ejstt, I609ap£l610¥ 

mm. aa.jD«affiBiw«fir?faA«i*»«4»r(Bo«uu.)4i6S5^^wf*tt+sif» 
siwffi«,»-ii«$«rt»r4 i6io¥KttS4-«fiaii«.“ftaAwa'<aT—tfewm 

#a^(l>.i7.i8.8cms^gi£.i^$;gf%itfr£«pjflf<j®8t 


l?ijo 1611 ¥,ffi;isfifiTffe6t|{W^^>,iiJi-4;^-s-^iji:ttMP80J 

£ = /ir.iiM.« ji—1.5o a 

fg p;f I ij T a ts: 8» Ji E& - ^ ca a «s w - ^ fi a sfc s ^ ft m &«] m. ffe 
jFf!&gB#¥ai+af¥6<jfxSo 

X ® 

30* 

^ ^ ^ ij;t M, S ¥ ^a f B ;*:. fi K I? ftfe fn S-h fS jg m M fi i^ lit S 1 ^ I® i 


® 4 I585^,w.sfij»±«p&lli«rft:;^-^#|«M« R.»ffeA«:B tK85»5». 

SJ»S«3E{Virginia). 4i^3f«#K*l'f’4-««»5ISra-1'fe«MttS@«W3JaA 
ifl1S.9.<%^9S:^\Sir-»:Amm«iMZ-t^*mVf^-tf9t.'’SL Dic.qfN«l.Bu>g7nphY. 

® # RI 1610 ^69 5iiemu Aunciu»,4#®Tflif'J#Wllft slfeJB, KaH von Cebler, CaiiUo 

Galiiei and the Roman curia , A Mrs. George Slurge Htf .Loodoo. IS79. Mo 
Q> iS.^®Gebleral8o 


/ 37 


«;i^ffi,#j*LT'ewnis(i6io^i ^ 7 g);ffiffi'et&r^±s,wais 

n^±r-im — 

WtS&^)aja^WSt*$^#S^^II5S0= S[^iPfn?f!i&;Tl*E^ifeWftte6^iAte. 

% fU % 


ifn" S8 ^ a ^ M ®i ii& A" flD fij i& ffi tfc. s fn ^ lit ffi ^ iln f fi A 

A £ # f& A fife fit) fe A S 4, (HI ^ T T fib M . i M * fi? ai fife ^ ¥ 

ftfefifiiiiaflt)0f^:i4fb^Affiim;g5t6.fife?E7 is^ 
^M^fttJflt^.afrTAA^WlSfitl^^. ® 1600 ^ fife fcb )IS T fife fit) 
BS<ifei8>o J.F.W.»i»^F^a,a*=ti“?£^TWfffttfi5*^WA 


0 O.Lodgr« Pioneen <f Sdetice, 1893.106e 

0 A.D.\^tc,ra 27 Ka(2),V<a.l.,133o 
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Wo t!iDfij8&?s*4:,'e“ft:*:®j4-AiiP.g% 

ft W ilR ffi # W * 4>. Sfc ift «t S aj fife ^ ^ S-A M H 

m . 

--^iK^t'fn"(I^XI K 

ts"^AmwA, 

mfTo 5t^a-#6^)K 

AAfl-o 

75 K)o 

{ Baptiata Porta) yf ji IB :fe H'J ^ «E «S a M It 1^ :j b A . 3^t $11 ■£ S ^ 
±«|gilM-#<. X=titi;^^fe^ttiI:“^fn«i^^J*LiiEA®ttft-U 75 

■e fn ffi-£ fn ?¥ 4 A ffi ± 0 ^. a (n #/h'C,'Afe 15 !eJ^ Jife ^ # ■£ fn, ^ 

50 219 


0 IQ, William Gilbert of Colcheater, On the Loadstone and Magnetic Bodies , and on the Great 
Magnet, the CortA ,P-F.Mottelay , Lortdon. 1893.“Biogr»phical Mernwr” .a—xrvii.S{H^fiP 

|li«£llS DeMagnete&^fA*-^ 

0 iO. 9 3SS(I)Park Benjamin.249o 
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® fe # “ m * ft-s 

ffffW 0 ^ Ji E^ T S W - # S'! 

W ^ ^ ^ ^ SP i in M a 

Ji *K ^ IW ® H, ^ ^ ^ fil tt: 

fiSKS^ 

-11M ® ® M S,-e ^ tt ^ ;fc ® 

mM)o “tfji 

I08®)o T;i.ffeftltTS^-^^®WiiaitM. 

“ f B ^ ^ 4= # «w at fs.-E ^ ^!S ;f ^ «E fiSE IS ? r. a tf*: ^ ^ 

i!$fft-.^iaaEBt,'E@£5:Eflffiis^iT”(m los mo 

t? w 7 ^ IP ffi Sff t«( M ^ T «s ft t# sK ^ M ffi St M gs . ii ii 

212.213 m)o 

t^-#Wai'“*ffW(fBM.SjS6Sa:iBir0f;fcMW^7HfeS*Wm:t:”(m 

64 K)!a?tJ7ffe.® 

^ /h fiS ^. fe ^ m tt fiS tf ific ft a ^ fiS ^ 65 Pft i£. fib jffi « r fig ^ Sfe 7 

fig^t65J§0:^jfn®§lij(BH5)„ S' 

e5t4®c Silt.M'e#?^"lerrela"l!E“/Mfe^”, “Xfilfigft^iSI'^* 

ft1#ft65'S?k®t4.$#^65f^ffl.tt^ftSMSWi65=^#ft^W4>ffitii 
m^m^i¥m’'{m66n)o “«stnftife^±#sj65tiiJ^-t^,fiSt$M 
§^:^^ffiM0'e,#@^fft'E±ffi■■(m67 m. “iinl^itb^-^.'Eft- 

.67 M). 

65fSt ^ M 3t Ilip. lSitf§ ^. ft ffi ^ fig ft 65 IK ® ^ 52 fig ft t« [^ It 65 IfP 

5)-ata«j*^T”(l^ 27 K)o 7;*:fig«^65^ 


0) i546#s*-^ftath*Wo {ES*+ftxta^(si««jfeaa 

1869 Hellmajin*s f^^eudrucket No.lO« B«riin. I898e 
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*+0i5SMjffi&^i^s. . 

ii^:^®ftt§[^MiI^M^.AfnW^1!ity.*S3t^iinitt,:4=H&'jS^® 

^ ^ a ii M. i*. ?@ 3i& w 3ffi 4h JtE w 1^5 a ^ fte fn 5S yt ^ a * 6<), :t flfe fn 

180 K)o 

snt.ffe 

Jt ftfe ft 5 ^ ^ fBi ^ ?ij ;p t& S M-S m M m S = 

-'2 .St«A 

4^SAi-« u 

1492 ^4■Ajt|,■eW^l^;^f4>^^l«!!iA.iRf|J^K^)|ll AfniE 

]436¥fi 

^6(H(ftm-»camM3li;R8¥iSi:S-M#®^(Corvo);fS4tSS«TS 

ffi ^ Si PI ite $ 6<). S Jtt: itfe ^ W ^ « nl I-U M at« SIJ M IK ^ ^1 g ^ la m 
»tfi5f£o 

6<]. # a & iA ite fig # it w itfe a # a ffi 1^ lit s y. ^ ^ ss m ^ itfe a ^ 


O BertelU. Stdia Epistolo di P . Pengritu) . Rome. 1868. mem .111. *77: Perk 

Benjamin, 197o 
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i«§&^ife *4 1581 

w. E1) m IS i n _h T - ^ »t ^, E101 it as 1& ife ^ T ^ se m ii ^ 

n ^ 53 

ii#-WS^6*)^^ie^Ji^:5t^^«S(Tycho)^ 1582-1597 ^ 

M - K W jg , H ^ Ji « ± »i« ft ffi. ® 

1570 E. 

fl-^ ffi iS M 3E W 4* ^ ffe g= S i 
T n-ffl T i( E R iJ M S ^ R ii 
if-(0Ei6)o itaifi;,ia#42Sffigic 
i^HE^®reitfe®ffl= -ewm-^ 

R-isasKo® 

®®(NicolauB de Cusa 1401—1464)W 

ffi iS T E Jn W M # M m 

tSc 

stsxffim'ETc « 



Q Hcllmnii't yeudiwke. No.lOo 

($) G. Heilman. Himmel und Erde % V(J. D .« 1890.113«etc. 

® raft®.119, 

0 f^^®.121: Spnt.Hist.4^RarolSoe., 1667.173. 

0 Ephemerides oeris Pfrpftuot* Lutetise* 1554.49; .Hellmonn. 122o 





S S SS S W • Ig 3S iS5 7 jffi « « ^ ^ ffi |j|-# ®f 3f£ 4> 65 iK'^ 

^0 l®M-i-«®e53t^^;te5A,*flfe65^7l4-^*-^fe65W+^i 
i^F^^)fee5>tg.W«65f^^S|I3^Tfflii®>1-|ft3t£SWffefnSa65lliS:^n 

m-^m«ffe65<ffx*Tfe>o T.B.^#*®^a:-<*ifX:irife>a=$:i5i^fl^ 

-M^ril*e5.ai«e5^D:l43fE65^^.MT¥3fc 

65##®^. il i 65 —tjo St H A-C.'65 ffi ^ 5f^ 3le flt ft 65 M W ^65 #■ 
Mo’’W‘MTSP^MTta:^e5WiR:t±"o 

®f?£S^S-65#^;r6lo ffem^fg^^fffim«:ig.ffeSfiaflllI^^JB&fn 

^ ^I^ f65 @f ?£. M ftp fij iS $ ilp fe Ji ftfe sp ^ 6^ ft M 7-* ffi A 65 3C 
flbWSj“^^pm#^SftiS65Sfi!fl±Sai#ia65ff:^,A®M 
^El-y^4ifiK-K/Mg65^M]t6a-®AllB’’®= ^«aA7f^a- 
7-ife nj » 65 a PI. ® ft f^ ^ ® S ^ « ffl «• 65 A US 66 fS Jg a ^ iS mu 
f^^^^^^65as^io ^t^^“l^i'M^:^it^e5®;£^p#;^3fEftwe^fs.^f*:^,4 
^^«ic*655H;3:S.ffai-1'#^^^65Stfe’’®o 
f6UAi*PJ^5f^65.fflAS!]fSiJi^a|iI-^Sl«65mB!l. ;^^lS^S65A&ffl 
ff*r0itfcff65##^J6ft^^J.$ttf&®.6kift:"l®m65m®:g,it 


0 T-B.Mflcaiiky, Essays , 1855, Vol.O. ,142—254( Edinburgh ReUtw, July 1837); Mtsc«Uan«ouM 
Works (f Lsrd Mccauiay^ Val.2, New Yorit, 1880.455.456. 

O Fracii Becon, Ot augmenSis scientiorwn. 

G) Novum Organum , I., AphonsmCV. 

(D Jufltue von Liebig, Usher Ffoncis Bacon ton VovJam und die Methods der Natu/fartchung, 
MUnchen. 1863.11,47,48. 
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wwg#Wo"“iEftnig 

« 0f i*. W SP #, * IE M * & # Jl y. i^ ^ ^ fiai aj 65. M S M ^ 
ge #!l til ^ 65; ^ S ^ ® #!j S DS # T, ^ ^ ^ fEt 65 ^ ife SiS M IS # 7 ! 
in65:^fe:i3Ea±^ffi65^:^&,(Jii5i3ac2M7rt$#^65iti5ffig 
^.”“Iitife65:^&gfrg#fiJ65^^,&*#7^^ = "“S#65-#@)?^ 

^ St SC a 65 a BE o ” “ a 1^-^ 65 K iE 65 ^ sm is !^S 

(wmkiir).#ajSffimm65^ffi«*SfflS7’ffi:fe65SSa-ffc^^E.:^# 
65=gwsa^65.® f&m:“Si^5ffliI«ftfiI]^(Lagado)65»iaK^i^ 
(Swift)65^K(lta^^^4’^:*:65Jeafiia^Jiiia:-^l'W®hiK 
Ti8?^feMii[lil3|ee5)65i«±in;ig3gM^gB®)tft-ie«653PWffl-^ 
f^^iiSdi:^^^65^a^rfejiatfWf!io 65i(i.'eawiie^5tti^o"^fEi 
65 j{!Ej^e 6 G.H.ii^E:a:®,A.|i-«m®ifii 

S 4; :*: 65 3f ff « 4 B)«-e:'^ # SS # W g 65 iii tt g ;ic 65 (6ft 3^^ o 

IS m M ^ ± 5i£. A in (S ^ ie ilfe in ^ »65 65 M. tk ^ ie ffi iib in «?& 65 

—m«if)fit^fi)i?t)65;L$sE]fi:A= itfe 
4 fte 65 :S-& it “6 - K la a, ■£ iiB i® tt iBj --^ ^rj # ^ SIS iiB M ■£ Sfi til- 
t-^«65iai. ^ffli!l,itfe65:S‘fea^!g^ggS65i§^o 
a^®f?E:s-®,Ain55awsiajfeif$'ec, is^E^#j#iFng%#:S' 
ffi.4aca-i&^r;s:;tsir.'effiEreitfet3iffifi:ij-^xi^±o iSM.sn 
^ 65 g A a M ;6 it B(j 7 « a • ii s; ^ tH 65 is iji ;i-gc a 65 o 

J.S.?tt:^SaTWlS«@fifea65^^Afeifeia5f1^iE65Xf^. 
?|t:^!e;7iSi!i3S^65ifiCEo ®;^SMflbe5Algtk;a^^®65o i«lS 

a^teiiJff-AlfeiiSlI^Wfilo MiiS5iKiiTI4^S,^65i^ffl,'e65S 
^ * T # ^ ^ a M a 65 65 i^ * g li 4B It 5S iS Ife « T o 


(D Moniu, yd.W, 1893.174.3K i*ffl W rt S#re JcTOM, PnndpUt Sdenct. 1892.5074 
P.Duhem, I* tmUdion tk» 7%4orie Phy$iqim, LouvAin. 1896.8—10; Justus too lie6i|. Reden uiui 
AbhaJuUung. Uipag. 1874; Draper. Hist. <f the ItO^. Detdop. cf Europe. 1875. Vo). D.. 259; 
WhcweQ.P] 12 5ttt®,Vol. I .,339* 

® R^wft 4«o««k». 1886.5Uo 

O A.De Mo^. A Bud^ of Paradoxes, Oucsgo. Vd. 1 .. 1915.82.84. 

0 O.Uxlge, Pioneers of Sdenee , Umdon. 1905.136. 




17 i: S 


^mmm^ ¥”iw8¥)&^i-:ts,gf#9E^iT0Kifl:^«w4'^m2i 

efifeB,?f]iatH:(Henry IV ) g ± T m^^-& C Edict of 

Nantes. 1598) ;feB ?f S&5fel¥iti 3fc = 

itt 0^. a H B iS T M ^1-?E * X S fe B ^ « afc ;0[ T o 

ajs-tftffi.sfn^saairaTa®AWi^^xf^:*A^iJWft 



^p^e'e:#^T.ros:^|JWX5lM«^as*®®^g^^'J»f«acE»Tl^^^3Mo 


58 
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-^ ; L 4 A M ^ ^ ^ ± W fiE sit ;*: ;*: life a a T fife g a 4 ^ a ^ 

life ft ^ ffi :*;»ftti ft ife. * fife M g S ^ ife 1^ 6<i * ^ ;t I Hi. fife ^ A 

i^g WTifco fifex^ttifijs&6^a^:f^ 

ffiJ L m:" fife (to fJ l«) ^ # IS S )S ^ 6^ m - S15. fz fE # ^ A 

Jl ^ «f^ 6fj ^ * 6f) ift fe fi S ^ * isa W; fife t W a S * ^ ft-^ i iin M 

fife ^ 31S:/] W ® . 3P ^ fife ^ I® e ^ a * $ ® S IS] 4" ft--i. ife a W 0 ” 
“ftfifeKi4i4^aiiftW^?ijat^;f«»6f)S^0.4faA¥SW#@i®ii^^^ 
fife a fife i aflfi5t9SW]^a,ffi fife 

sr w ^ ^ itfelft M ftj »& gff fife A M —fed. ^ -h, ffiA ^ IE 6t) iP 

3S a tet . m a 3E T fun ^ij *& e ig ^6 T w ^ ig. 

tA # iR ^p HI =1^ ^ 3E # iR :t IS] (1^ ifc 

!j^^5T n43^ftflfeW<^;^3^>MffW4^:i4Af^dlTT5Fi^.?r^^T 
a ^ f^ ife , s #s s a atr n M »r ^ a 4-(51 ® M +^j-«Bffi M o 

5iifn^jfewrsifitjiS.3S^%ww5!jf?s:3ii®'e6fjaamaA6f)o 
KiiasigjAttstii—t©jf^,tiff^±?t-TMf&^MBtfa]o ftpmafn 
^{ii®«6f)®,a?!j«[Dts®a*W¥:frMaA= i'Uafg6tiitaiii;r6] 
±MAW-i-tlf^±ffT 4f&]HI-^s3ffio 3tJ-B4lSI&tja#^iS^aiM-^ 


^.ii5ffl-^JL*«»^5I*B'l.',-Whe*eU,ra 12 SttO.ViJ.l. .338, 

O DeecATtes, Uttn$ , V^, U . . Puu> 1659, LARAr91.391; Dohring, Krit. Geschiehu d. o^- 
gem, Prince. d. Mtchanik ,, Leipd|. 1SS7. 106—108: K asiner. Gesduchie d. Malhematik, V(4. 
IV. ,22—26. 

Q Acta Endisomm , 1686,'*DeiDoitttralio erraift cDetnorabilis caitesii’',e(c. 
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Wilt. 

^.0 m^mj^mji = mv^tt3m^^nifs^^M.^^fi = ^^T 
fic0®r-^JLWJaj^.ibJi-^«^f±i5i£S5«t:t:iemsi^ 

Sic !li? fn ^ t:« fij * ^ + W SP ® « ^4 Ife iS M i® lU 5£ W ^iP ^i-. IE 
fBl6«)^S'],B£#-^ftWW.-fec -^SSW-^f^^.itiinflllifjB&.ffl-fsJL. 

:Sr pT Ki ^# S!1 ^ I^ W S :b ftpS 04. a m ^ «t:3: rel M It jE ^ gij ^ ^ 

0^MT= (Richer) 1671 ^M C iS&fJ^3ESP 6ft « 

(Cayenne)*ftt3t:i:iffi«04,f&SaTffe6ftaP^*E^?^!#mm6ftig- 


|Bll#M*jlfflaa'Mfl. »isie?c(l695 ¥)»; mr';%«*(»i.TiT8ll living force),, «a« 

fjaKlEYmr'»i%ffi*.*ftilSA»a-W*»i)l6= fflTaia^«». 

ftasf'JwasKiftis- 

aE-Mech. Scu«ceqfM,Ama{E<i.McCom»- 
ck) .271 «272 { Mane r Hiuoin d. Scie nc e s Math . et Phys . , Vol. )9 . • 1888.191«192 e 

® #jES (D> E. Mach. 148.250, 270—276; H. Klein, Prineipien der Mechanik , Leipzig. 
I872.I7,I8« 

O ^^P.G.Tait, Aereni ^^iuxnres in Ph^MTo/Science . London. 1885.16.343~368« 
d) #iil&(D.Marie. Vca.V. 1884.l02cr 
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&=t. Si ,& * s se T M s IE tfc T-e fn fiff * * o" ® 

SM»f&ffeW<ifeBt^t«W®^>(E«.i673)4’m-I>:^aiT^ 

ft &«) ff $ a E is ia T *a « ^ =t5 o 

^ ^ ®J L 6<l a ife 4> ai 61]» S:« SV ^ fife ^ ^ T. ® 0f W W S ^1 ns ?E 

f7ffi«P4fc4f^4ii#eijs*a3fe6i)M-^ii£Eis+-i:'o 

(i644)+fiffiliMlife^Sffl, 

a ^ a ife * ^ 1: js: W. S ® iE ;S & a n-fa ftfl fiD S all J: fig-fe ® 

¥, ;L M f S ^ IS ^ T fib fiD < «J a # «ife >. ii 4:^ 4i a ft S fiK 


^SSd92^° JB.Si JEVr. {/micA« </. ScAtpere ,lb R. Mewea Bi¥ ,Berlin. 1896.34, 

IZ) #ftm]S^<2).E.Mach.l6l.2SI<, 

(3^ Principia . Book D . * Prop. XXN.. Cor. 7 

«ste.*-#o" 
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fi’ 





1697 

¥.1703 ¥« 1710 ¥aillSilo 
jSJt 6«l ^ i? ¥ ?iJ 1730 ¥ 

1710 ¥^n 1730 ¥Wi!S¥(l^ 

1697 ¥)IS^h)iSW5£fii£a<)g 

515 

a W ^ a ¥ ^0 W S i£. f& 
fntl5;tffi¥Ali:jiCM^^. jS 


m 7 W*®' 

iis#;*:¥;iSM 1743 ¥:Sitffla¥¥=®4^s. 

^o® 


ffi ¥ ; L M f« ift t i « ft ft ;*; W ^4 ¥ a ife. itn «i« ip. ^ e/g 

scSfKa&^ssjc 


® Teaching and HiMoty 1^ Malttemaues in the V. S. . W^ingtan. ]S 90 . 30 . 

® 1727 ¥»raa«H#SlMe*5^4^«ie'¥;K«,*il4#Wtt)5?«(Voluire)i!i:-- 

Alfea*S)«'ie. w.wh«.eii.i2Effi(2).vd.i.,43io 

2Wo ®.4^S^A^W^^9l4!'So 9L Con apon dma of R. Bentley, V<J. 1., TOj 

Proc. Rtyy. Sof. </loruione VoJ.54. • 1893.381 « 
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-^0 


if" ?S tti ^ * *t; # ep W ffi ^ W ( Woolathoipe), f& W i@ ± fliD fij B& 
^Eit 12 ^ fill#fifeflJt&^iiftfiCGrantham) 

flfei£T-SeAW,-^R®,*^*Sffi&<iA^^&fl^TWSftfe5c*„ 
* 1660^,flfeaA^J^A=^H-^K;S:=t5o WSgi 

iffe. aftfe:i-^A#±flt.fifeg?KtM-#‘aa^#f^4’W?f#«(jM 

SSPW^.flfeefSSSiJftfeM-^fi^ASf)^ 
« i664^flfeftS;T-^^T«0BWiifil«o® 

±iE^T:^w?i;^jMffit&tfiasftfe®+Bt.fifeiE«*f:#sp&;jm®. 
"^flfeifii ^«^ESS0^.fife iS»a^^®*Mm#;t^;ftfeje BESS:/! 

life ^ w 4> - ii'^j le f n fifr fli ± pj 6«) * is m w if ^ ^ ^1 w a M w 31, ^ ^ 

S * i« 6<) «S :0i. S S :i S «III M TS **. ife a W 0J a W W 331S fife ® *. 

w a * f^ lii a s ife: Bfl a i£!'E # iij fcfc ife fn ii # fiff i® « M m ® a ^ 

iE$P4= 

0!0f fflSM .KHSir ,1SS«»flfe AWJtfilS! W-#, BP 


0 John Rnyfair, * DiMCiiAtion Fourth”, ft Sneyicp. Bril. . 8th ed.. Vol. I., 609, 601; 0. 
Lodge. Picn&en Scimee, 152—lS6e 

0 Newton. Optkia, London. 1704. Book D .. Part IV.ohe. 13.111. 

0 PorUmouih CoUecrion, Sect.I. . DivieioD XI.. No.41i W. W. R. Ball. An Buoy on Now- 
ion* I "Frincipio'', London. 1893.7. 

® Pnclienon. View (f Sir Itaac Nrittan's Philouplrf. Undon. 1728;#S,ffi<3)W. W.R.BaL, 
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^ K 6<l ji: *■) Ji IE W, ap ^. W ^0 ± PH 6«] S fife tr M:fc P0:2: W ® 

uEBJ±:^}ilSl,m5l0<liE*^®M^:i-o 
f.5 +«#^fi.204jfe*-ffe(i^;5-=frli;!7;^#W#B 

1665 1666 

20 ^iu^fife;t-;e^ftfeftfi^i;^^^o 

1666fp«Jeflfe»tKfe^^gMf*ff,BPfS®^® 1 S*60 

a^f?±Tx=tiaiS]@Mttf^sE^AWm#"= leM^.ftfefffJT 
it-*-^!^^T^‘=F^fiK«MJgffl96WiWM,#a^®uE^T:)brSfcfc 

Iff «c tg a ff it»(in lit« ^, U( M T fib SB If T ^f# ^ fS «- 

t-aase^ifsiic i804 ^£fi«S6ii^tt;^6fi 

288 M + o i«P»fftftbW(?c5]l5t«#>-t5«tIU^ 

»#.apjift4=^M<i^a>s^2oofs^ga;a:Hff^f^isai^M„ fibfn 

“+['^^»flKl«”(Poit8mouth Collection)'t’^gseWo + ® 

ft i666^^^ti:®fitjS[iaswaifemw^iafi[W«i:^.‘‘#5feai'E 

fnw^§^^ffi^iafK"o® 4^®gB¥T3tEwa^is.ig®fa®fs®0;fi5i. 

5 280??RW“^a!&^|l®"o 

iiEBJ,i7t0:iBWIIS?§M,ft i666^IitBlr.;f Jilil 60|?a}£$ieM» 


Q WSi Sir/$Qae Nn^ton 1727—1927, Bdtiuwre, 1928,127—128® 
(2) W.W.R.BAll.m±jfift(3)p 
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1 OOOl^RM 60^a»f^^« 1 So 

l666 #^*s|;at^as^x,^tg^#^]^Tltfe^:te/^Wffi^^ifliM^!c^g 

1 1636 ^ 

w(f^M^a>±.fi*&£ii^s I s^^69y^si£^^a,^ftigfTi5 
iURS^-h^lffliio mei: i6i7¥0^»iafS^^66|^Hi£®ie®.3^1' 

1666 «[R”o® 

iS9g? 

iEi£P3za»fffi i887¥0fiSdiMSii^^,5Pl-it^t^ftffe[i^<ra>S*;$:a5 

ap ;l ^ Jia ii m w # »f ^ ^, 4^ $0 w ffl ii M - «■ 14 ®. Km tK-&«i 

MS i666^e+a^^iiT(iEiP4^^seM«sii^^ff^0^Mapi^),l0;fe 

0^,flbWIa±5^£■e^^#iiiSifi6^lia^E^fflo i684^i^fs]4^t®fft,fit 

* 1679 ^ $a ^ ^ T ^ Itl W f5] ®. S Jit. ftfe ^ M 0 ^ 1^ S, ■£ Ji - 4'Iffi 
Mn 1685 #^-^Mil)S¥^a|!#t&atl'0l 


0 ifi. D. Brewster K Memoirs ^ Sir tsoac No^eton , Edinburgh, I860. V<J. I., Chap. 11.. 27^29^ 

0 ♦ KI<PriiK'ipia>-15, Book I.. Sec. fl..*iEBookin.. Prep. >|;^^:J? 

W.W.R.Ball,je.49®tt®;J.W.L.GlaisW“Biwnlenaj>' Addre«’\ 
ComAri<^ Cknwicfc, April 20.1888- Sffl^E^lfflT Bail.//*#i. of Moth 1888.295—297o Rosen- 
berger’a haac Noitan und Seine Physikcdieehen Prineipui Jfettff # #65 . S ffl<*h *• 4P 

»riK*> + WttW®«, 


67 



m. ffc ffi w ffl « ^ iE ^ s ^ ^ :2; <!i. fdi ^ * a w 14 fiJ-a i¥ 65 

-¥®65:^3Pft®lifc3:Sij^«4flfe65ffiWc" 

4^WA65«?^EilS»ain65$Kffl^«Ifa'J2'®IS5$o 




M N 



mmm 8 ff ft&W0^4^«g4ifee5<is 
ai>-45 65 ^ H # m la 1'#M 4^ ^;f 65 ^ 
T4^:)5-&ttS}*653^iiE= :^ifeiil*ittH 
T ilk^ 65 [SI4c 3i 123 249 600 E I? R, ^ 
Hfe2:rfll654^±5i®«S*5^Hfe^¥g65 60 
ffio Sitt,fg^^^®liI*lJam65.!aiJ«l 

it tc 123 249 600 X 60 = 7 394 960 000 E 

27 ^ 7 04 

43 5)-.^j^39 343^o @Jti;,'ee5^iSiS® 

ft 7 394 960 000 + 39 343 = 187 961.67 ( E 


«R/^)o 4-lt m ft.^^&'e65*fiil±65 

iEftife^65t'i:'<, mew'T.s^s. 


Slit, 

mf'^ = MP-Moim~%^m^m^\-^9), 

mnn3] 

M0=Wi'^-T MPs^ 15 

m:f3 ME m=f- 

ffi®Te5iE]i?^^6tf X15 15 \mK/m. ^mm 
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1687 

3M $ $ . S ^ h W S se g SP fft g tfc lit BH ff M IS *P ^ ■K. ® * 

“ Sft tl St 5f£ , S /S ^ Jl 4 JlE It W W. 0 ^ 6?) ^0-£:> ;p ^ 4> . H 

ilfc. - ^ ^ ^ tu ii a K ^ @ SB Jtte ffl a ^ ^^91$ _t iTB ;f w # ff faj 

«fife w ^ St.-e fn w ffl IP "I E ii a * $ A*. - i'i! 1* ^ ii fij ^ ^ 

ji4^®.M*l4-ac.ffeft 1713 


<D —#tt 

® i^a.W.W.R.Ball,^49Sa0,155, 

® Comtp.of R. Bender. Vol-1. .70; Proe. of Royai Soc. of London . V(J.54, 1893.381 
TSIJ»:»’*.if^tSlf«lil;*:MSa. attfitl Oj^ioU . Querie. I8.22i&ja PhU. Tram. Abr. .\ol. 
I. > 145 1 Nov .. 1572; Birch . Hitt . tjf RoyiU Soeiay , Vol . Dl •« 249 . 1675 o 
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ft 4^ M it a a ^ ift ;t ^ «ia. c ® 

5f . ffi »iS Pi A (n W « H ^ {X S ffe ft - ^W lie ^ ^ ^n (-^ 

i' A^^)( Provincial Letters )Wf^^.iffi-S.B^^fteXft 

1653 1663 ^,apilb 

^^ ig - U: (H ){S &<J fs ® &«) <ife #S i* w ¥ «> ®-s; 4-. ffe ffl BJ T i^ 
^ 6<]"« »T^ . BP fi£ ijB ^ « W; &«) H 3S ii« 1^ Hfe ^ i8 Pi ^ 1 " ifl], 

ioo 4'AW;^3TW. •■*]ib^a,-4'ffi?«AM^«Sft^^}E*miPPJS 


0 !a.*Jt»^"jfe«Sf^ffl’Wiff«./V<i»itf«.Vd.fl.. 1872-1873.325.»*99fl=1r« 

w.iiimi&*i H.^m^^=f -1871 ^£»»«rvii«8^4^«n<iKfl)t. nm&msii 

tmH&ibt^iiii&JlIl^&a'XDuaun sw la Cam de la 

i687 ^+««<*a>* 

(i&S:AB!ie»)fiQa3Ci»4:fiEN R.Me«M 1896 iP l£o «l 

H8<)^l;69i&fteb 1724 S I^5:fi9tt-Stiflllil69. JE Le Si«e. ‘'Laci«c« ^ewton■e>^ 

Mtmoires de I' Acadimie da Scienca . BeHiti. 1782.404—432. ftittff S 

;p-|489li^aC4ien. 

(C. lunknLhc) .» ft . 9c fi:. S # ir« ft ( Niv. l>IIin«>hauM'ii). V S Vi ffi . ^ ( Adalbert 

Rysdncck) ’ t9^1Pi-ftftft( Paul du Boia - Rertmmd) .Kft( Vaachy) Schramm) .$ft 

ft(Aii<ierMn),ft«;^(M0lW)fl«ftA{liP»9. !!ta-t-l^ft£«i£.JE3tft 
1^41 ,** Ueber di« ZurUckfUhuung der Schweiz luif Absorption" in ZaUch. /. Maih . and Physik , 1892. 
Suppl. . 163—204: V S Vf 9 . ** Comparative Review of Some Dynamical Theories <^ (^aviution" . 
PhUosophicai 4fofoan<«(5)V(d.39a 1895.145 et eeq.: W. B.Taylor) ."Kinetic 'n)eone8 of Crav* 

itation" .Smithsonian Report, 1876.205— 

0 auvres CompUtes de Blai»e Ptucal . Paris. 1866. Vo) .10 .. 83—98. 

0 ceuvns CompUies de Blaiee Paeeal, Paris« ! 866. Vo) .HI .. 85. 
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^e0as'^wa*e^)m.®JiSS]ttl^^)»s^tl^£s^fJ^:^^l^A^^«ls^^iI 

^fn#is^ia§^s^RSdf3c5fg— 

W. m fii it& si it: (1) ^s *: (2) a a it. “ x>j-Jt $ 6^ pa 

;fj ” W 7)c tt W ift S ^15 * ® W , M M. tfe ;t l-u x-t K ^ ^ W fi ft 3t£ 0M ^ W 0 

$ 3C 3&. 3|e ^ - fp ^S W1'm :$:. ^ a ffi ^?|J A 51 lii M AP ffi ;/3 W 

^rmmm^i. w^ij 

w^iii&wwAftaiT-Ra^ 


<D flif*] Dialogties Concrming Tkc Nfw ScUna « E^ % # ( H. Crew )fP|{^^tt|i|(A.de 
Salvio)Bt*,New YoTk,1914.78,79.1fea4«.Sl 45 ®:ft(2).ll2—114* 

0 Mach.in ^onuT. Vol.6.1896.170. 


72 



56 / 


7.1 


S^fJtt#Ta^TW?Eo 

^ AHfe ^ t a S :^J T S ^ M IS ^ ®f ?E, M S ;l ^ lil ^ flb ife-ffi tH: T = 

a^e 1644 

jea^fj^9SW]iffs*fega:^4>rBT?ifeTAg^o 
Mm l646¥*A:^-ftfeB^5*a(|gw»t-^^r®f^wa^B6^)Si^^I^■ 

^o 

S ^ ^ ^ tg M. S ?f Jt«i^F ^ A ® « « sin# l-U ftn lit g A W 

K,®5fEig?FE$o"® 

Its »Tm ife. $n a * m 1i * a *>E i& %t ^ffi * tl ;£ M iS. SP A ;!k 
fib # |g I# D ® ® Kl a. H Itt. ffe ^ ft ^ ffe W 1^3 a. I? ftfe «IS ^ S 

(Auvergne)0^^ftl|llj(Puy de D6nie)t»-ft^SS= 


(D 1663 ^ . j5,4t jfi S jH^ ft (G. Hellnmnn) ff Sfi W Neudncke, 

No.7e 

© tt«a«««*«^a:-Hit.awi»(5i*^*Piwrt*tt. 

ir^ffio"(SKWMpr««Bt«(i704^)eA«;f#*aftft5JtfiSft*iE. la. g.hcu. 

mann.Pi i: ,!6(3)o 

( 2 > Nouvelles exp^rienc «8 touchaiil U ride, OEiwrts Compl. de B. ptucai, Paris, 1866 . Vol. 
IQ . ,1 TraiU 6 e la pesanuur de Ut masse de I * air i 98 — 129 o 
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M T 111 ,-e X M iS Hk 0c S T Ig # o 

ita55;fili4-^«IS(Magdeburg)M:gnigtS. flfe&llS«. 

Gustavus Adolphus) 4" iS? 4o 

1646 ^ fife a X T ^ 18 S m M m . 

3feT3t^N®M^ife5l®rftfe#^5;i&¥^W!if^'C.'= ffeifi.: 
•‘II m 4;, ft m w it w ^ ^ ife 6<i s J5. a a )K ^ dfj ^ ^ 4" ^a w 4t 

6fio"i£ 1663 ^ftfe^fiR rftfeWSf^(ifeJt^>K)^f«.fiB;SiJ 1672 

ttllE,® 

mn\H 


iSL^mtu^K^mn Kiauiktf.fio.s9, «S3£fi9$^sn$ttnfttuyt«a k.m4$(k>«p«t 

Schott MechanicQ hytUaulicQ - ;Nvumahca( 1657) «TechnicQ Curio$ai 1664) , 
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m 9 

1654 ^ftU^SSfr^(Regensbui«)^!Sm# 

ga#^llM^|giamHtti:(Emperor Fe*tfinandin))ffi#o tSMflfeWitlf . 

, 15 ^ 11 845 

fifefnfflT i6E^^je-ejajF.§^i|£^AE4o 
®, 1= h iffe iJt 0J T ^ S « # ts «= 
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S 10 
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7K 


^i5^M^(Lismore CasUe)o ft fife M S ^ 4^ . ffeSf ll: "ftfeiA.iR-^ W fife 

^ ^. fife ^ 041^ <)? « T » A W p BE M ^ fR. 1-:^ a « ^ fife ffc ft T 
a#^i^’';“?ifni-^lffiAW»1&f^T"W#^iE.“faSftftf5I^S^"o® 
ft^^^^lSaaTiSra^Bt^tue.flfeT i638 ^¥i]T©cifHAK,ft0 
rtE.ft-A«fe±TT--^si-|^6t,mm.a®flfeftfflA?qW0^it;ft 
a04ftfe^f#49^^itT.ftfiflfeWS&4i^^f^aiP*ft^ff# 
fi<)c ft 1644 i8^^fifj¥SA.f{fe^5Ese64a 

^4fcftAmSL;t4’;i^ 1645 ^ffe»fi4W#^iXli(®.flfef#¥iJT5(4$4# 

i66o^ica 

rtH:fta£e?titS,'e®ftAS«^^o 1654 ^f[feftft?¥ll£®l.f1feft 

suMaftT-^-^^^.Sftftfti-^i&Aaftif^.ifeaw-ijifi^i?; 
f^^f&Mffc^Sti^.® ftaEfiJMSSMS^^Wffi3llilS.flfeihiWj£ 
fSftT-^ffifttttSMn^.aJift 1659^^®&f)o -^ft 1660^.3SA 

ft®tS:^Tflbfi4(^TS'^3¥;^j.WI(r^m(WTfgI»<llr^^» = 

i668¥.flfe«ftft?<iSiJTf£*:= 40^3|5ftbM#f^m*5lc ftfeW 
ie ti a # ^ ^ . w M ft fife g # S St W ^, jft i(0 ftfe :t - ^ ^ 

Wf^^,ftfta[^a^'f■»ftfgAW^#o ft 1657 ¥iitflir.flbft*Wftfeft 
ih g a * “ y. Jt life fa ^ iife" ISl fln«3*:, ffi ft J L ^ ^ M Wt ■ It m w 


O «M5£W-;ff”5««-#«"T-l893 ^«21lD»lfffettSEW!l0;^±*£fi. STM* 

C.Bcrthold, Wiedem. Annalm.tteue Folce,S4,1895.724—726.18A. 

a.*Ki^a*«««aT2oocio»ft= 

® The Works q/’ the HooounMe Robert Bojte 
'Hioniu Birch BS . London. 1743, Vol. I . .(ff iCA9)9 6 j&s 
a ja.*Boyle.Rob«t"-3:. a Die. of Nat. Biogo 
® IForib.Vol. 1 .,194. 
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i P m ^ ^ g W tf S ^ ^ W SE * flt #, iS sE it is ifi, 

iW^«)##(uittich)6^»^ F.fij® 

^ li fill «< , SP ^ Ilf ^ ® M: ffe ^ ft:, ffe S Se T ?K ® fflt ^ bt a tj 

a'^^ttitffl®SJic:i|:SSfft^3^Sf£. “KinSft^Et^^ 

* ^r s 6«) nfe m ^ IS 5iE ^ 0 ^, ^w # ij tfc ^ in ^ !H s T ■£ i )S 

n.«it,Mi:at*fe'ewiS:«^fi2gT3Si-(^-?e^^B£A3Si 

. 

.«ifnM5KflSttSft#5SflS'twsE-i^ 

. 

g55>i«iil 29|li-”o S««‘8:lBS;fifefr6¥T.S^?i#T-3^»rW^ 

1 117 

l<I ^ :a 7 40 i'as, a ^ -1>: M )0t« «IB “ BE M S J®. ffi W 0 E 

^it= 

1666 ^. iS j:c:? Jg ^ T f& W “ iSfi w: !& A ^ . flb * ^ ij Sfe ^ 

■iis Bfe M ^ tfJ SK m ^ :g-£1'M. a - J^ * . iK <$ £E * M iE «ft m S « 


O iS.**Defence e^iul Linue”. 1662« Worh , VoJ.I.«lOOe 
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flkift: “S2fnM-m 40 3Si-,i^ffi'e«a 27 . n 

W l2^^i-M^n,lE'eSA7K«#^S 1 ?e^-.SiUfe7kmffiJ:39 

m ig s s M ^ ® “ Dt w ?fc 5J-M ffi « ^ 0j, A fn ^ lit ffi ^M £E sg iE tt 

T# its ife W SIJ a ^ E » M S g 14 = 

1666 

ife SiJ * T ;Jc ® M SI S lit . lit M X & - ^ *Ff ig M15 T E m iSi Jib ± W 
T-ssTfea*Mi:^Xj@c. 

n. A^^JI1^f^EaSASfflKl^#^7'E=^:.®ftbSE^fi'E!H5(J7S: 
MStc seS^it.llJgJtFrS 1661 ¥1«traW®^IAM^£»t.®E4^;i 

T . •£ US-# if ^ # S fj ^ *1. # IS # M m ^ ^ # S JPt * a &*) Itt o 

«l l670 ^,^ii&1^MEieAX^M3e 

ife. M JiE • # M f« r^ 1^ W X :fr <. 


(D E .C^riADd* Wiedemann * s Annafen. Vol. Q .«1S78.666. 
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a, !K JS fP ^ ^ ® !|S4 IP # S1^-h M ? 5$ ^ ^ & iffi S ilfe 

1791 ^,iDt&fiJ:?^Mfi®#&M^(BoIogna)W^±ftiT^a^.l802 ^ 

Michael's tower)±lift T . 1831 ¥ 
16!#^(Saxony) I!!!iH®(Freibei?)Mfl'''#Tlift 

is® ^ IP i£ 0 ^. BS? r ® M (a ^ lu ^. a w - 1 '/j wh w ^s it w fit 

MSI. 

ifeimoassc i«»iw®iStt^STfea^«5^A^w^^ft^AtirPAiiE 
lii # it ^ Jffi ^ M fla ^ ^ 1^ l& g ^nfln fij B& W ® ti ^ ^ 


® 4n»*^**l,»f*4WttsilBT«:«.J«^##ffi««BifT, E W.Ferre).^/>op«- 

^ TVeo^ue on (A« Winds , New York, 1889.88« 

<Z) Birch. History tf the Royal Socitty, Loodon. 1757. Vol. ID . .519; Vcd. IV . ,S. Ball. 
An Essay On NeuHon ' i '‘Principia" . 146.149,150e 

0 Roeenberger, IQ 15 ID . .96,97,432^437.J. F. W.Gronau, Historkhe F.ntwick- 

lun^ der LHtn Vom lofisuideniande . Dansg, 1868. t~~23o 

($> JS. Washington VnivenUy Studies,Wdi. ID . ,1916.153—168e 

(S) W.F€fTel.R±S£0,86:P(nBeon.>im. tcoUPclyiech- 

rogue. XXVI.. 1838-ffl± XX V|. . 1839. ?fi ft#* T'Bfl 42^+ #f Si«e *£ Magnus. 

Poggendorff AnnoUn,\yi\\W 





se.fi3i,i!;M»fffii»s^^'i5t»tKA^»t^aiajws:?M?-ffiSo m 

a ^ ® M iC JE Sf It $ » «2 iS iin T: S ffi 1^ 65 ® M. A It ft 

^^ffrTS8f^je^sctS0jsT» 

a1';£^65ai£^i^.fi;Efl!lffl®^l&i^ET'eo «asiifti54^4>s?ij 

e53PttIEK^».®®-^JL^ 1637 ^Sfe65(JSft^>-1S4>f^tH65o 

®8fWftSI4’SA(ait^jS,a®@S65);C2)®ffil^65tl‘®M,a 

®^^®^#«'Al^ftl^P^^ffi|3le5^t$;(3)*^fl^flt.^^TT^fltffie5 

fil65.a?[eT«^^II^^PRffiA«^±wEM'e:= 

-#tt®65«-^.Ma4«?ff65:fr®t3fciiS/h=® 

^ it 

i7tt!;&65-^ffiA5Sija:*fta5:^3if^iie5S:ao lititriitfg^ 

^65:®«;i:S®e5c flofiJiSf A ffl^T 

®5f565m^0ftfiS650tr0io 


® 3feTa-^fq«^ft«■*ft:»«<Heller).(V>)l. D . .65.78)ifti£ T tt jt S «« « A! 
»«3f^(|si ioKffi®)«y8<a«(SI 15 ®ffi®,Paiill ..ll3)l«(Si?ffi-^JL*iik»rffl5* 
M»ia*«c B-*ap,^?^^[»±K*«+JL-'^AS*M, JaWaWM fliopopW".2d Se¬ 
ries. Boslon. 1859.187.18* •t'K-Fiesner.jS«R(P.Ki«meT)#aBWi&Ta7-|SJ*.jafft« 
ZeiUfA./. Mo/A. liVol. 27.1822. Supplement. 235. W a ffi S «-« tt M Jt«lU S ,« » 
»(D.J.KOTteweg)Xj¥ffllftitifeTa7'ra*, aifeW «eme de Mdcaphytuiue a de jWorafc, July, 
1896.489—501, 

® Roeenberger,^ 15 .Part D .. 114, 

® Crew and de SalTio.l^ 30 KS®,43.44, 
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M # ?N snu ffl 5le S ^ ft«i« M. ■ ft 

t ra (Louis XIV) S iij e |g ft!! ^ ^ -, )pf * 

6<I:^^^A«lS(Romer)S*^»@E?gc Hfetiift 
ftli^r^iS»f(Aaihus).^f»ftff4^P&m^^o life 
ftE«Wii:-^-^1^-^j«l»T;^;:EM-t, HfefH 
ft # S'!, ii ^ J1M ft'E fn 6^1 m it ± is M flt r^T ft 

ffiii i]*M 

A/h$4^aif.aiE$$e^fltlsjAT¥-i^mc 

E, jtsi 

iijl:WF&MS —fSSo ft 1676 ^ 9 B [o] BtlSJtfcM'eW^l^ii^ 
fta^il-^l^ffi&.Sftft 11 ^MT-Ek^—^ JS])W+itW^WMff^fBl 

^m^MSiJiife^ffigWia]M#siJils»(@S i!)o 0E,mm»9irmm. 

ft 11^ 9 0.SE)C-tS:ftft5Bt35^j‘45%t.M 

11^22 ^(§1®tt 

«)S^g®&9JiflfeXtm-^JlSMitl»:,flfeffi^«fei#iI. 

^.lj^Htgiii:"'efnW7;aMft^0*@fiH^="ft 1680 ^,-^®®:^ 
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K7 


S' s' 



m 12 

12^ 

WiS5il.l?54 3 ^ ft 9 ^ . 
@ ^ ?c # « 4-fi] ffi 

■ o »«±,6 ^ ft 12 ^ 

fi.43^ft9^,Stt:» 


ia^¥ e «^ A W ^ » a i^ fj a # M 
®$.flfetSTSSaA^6f)fcAHtSip,?fa* 
1681 ^.j^fiJmfrEffiCChristian V)ffiffiS0ilJ 

!^^ffeWaifeS^)m'ffiEa?^?!ITo AW^it 

flfeSTT 

1728 W 

n&SttESE^M^^AA't^/L^^eE^SiSTo® 
isiiii M a ife ft II a ^# sy T IJ& m M 1# 
5: ^ft ft ft « * lit * 14 ^ gij W ^ gff ffi 
^0 ftft^l®^3feJt4-^^6^)rmfJS(Savil. 

M Bt, f&i3 sfe s a-E M ft ^ i« ife eff 

®!f4MP#(ffl 12). 

iifi gj ftfe # ± :5: B4. ftfe a ;l ^ ^ r ft¥ # a a 

I^W#-So “ft 1728 ^9^M^-A,fteft 

a fn ts tfi ft US ft ^ Bs ± M ± urns M ^T, fife 
a« sij. m ^ s - ft i»& ^ ft fpj B4 R i? $ T 

|fe], tSl ns A tl m W - ^ fa] @ ? [ ® T (X4 ftfe 5S 

ift) ft * W ® ^, IP t® I® ± R ^ A |S] 
^ 7 te M)K IS] w ^'ft, M R^ 
^infifco s*ffe@ffl5#WBg;5^<, mxmm 
S. i!). M ft a ffi ife a ft ft M *fi jf A 

6^; ff s ^ M #if ia ft a it ® r * ^ 
^ * 65 A |S] $ <k, A ft 6«J ^ ^ ft S «< ft [fel 
± ji a ii flc ift 7 iS X ft 65 if * tk m M # 
Jil65=‘’®(® l3)lp^^lltMia^“^fe^f^”65 


O minmT^»f^S.(A]^ Wenucke)tt:ft*rt-«3:».Z«c«A./« u.Physik, 
Vca.25.1880.Hi«.Abthea.,l—6;taa W.Doberck.yVflJare.Vol. 17,1877.105o 
^ '* Bradley • Janea" , in Die. Nat. Biag . 
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^ e ?ll 2 : ^ M S ^ g o 

nitnm.. 

^ ^ 6ti is ^ ^ |S] M Ht. ^ w m KC j» a 

!S^«i3|E«¥#SfcSIE^®o jEiinjSifn^^SWi'JM 

*R iff Wife 6 ** 

* 1678 ^^fea^^|^W-^)C#iS'±,«J^. 
0 ;B ^n s ffe A m T a i>: ^ ist.« S »r S iH T 

S&a tECLouis XiV)iiljflfeii®iijE«. 
1666 ipsij 1681 «ftfeWffiA 

W f^ flt A^ ^0 m ^ le Sc -1^,« M »f ife 

^!#o 

Iil±»6?Ja(®aiT* 1678 

i69o^je^fi(jo® 

i665 ^f^t±lTa#-#STfeMffi»SM$&)S. SH 

mm. 

4>JP^ DCF ;& i*. 4>'L'M 4 

{g B^ft^ODCFtatUf 


r 

l\ 

i\ 



m 13 9f{iiA 

^K6»« 
A 1^1 C 

aiaaMi^ao ^ 

is «l ft CD ^ C 
±c N#.6'^^e, 
CAWK##MS 
a a » |S] T Gff 7? 
[fi] o CD « CD W 
40«t'6^DSft«o 


0 ff SeU! tSauiker, No. 20. 31 # IQ OEutm Complita de 

CHniiiadn Huygem . Publicda par la SociM Hollandaiie det Sdmea , La Htye, 1888—I89S^ 


88 
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xsi 



m 14 


m DCL 

DCL 

DCimm^o 

a # 3 E @f a W lit ;fc. ftfe l-y sa li ^4 
ItWWIto <feaT^aBifeP^a:*:'^WI4 
^^ ^ p& m W B tt ipj S? »f Ig - « &jc 

ftfefg^T 

tit t M m ^ * m IS] W, ftn ^ ^ W - ^#. H Jit. ftfe ^ ns P ^ S W 
ftfetfe^tElitAfeMaife1ftPS(feWeiS= 

ffee4jifeiiE;F*5E^ife3feife 


Btfto "ffi l666 ^(^iSPfl4.ltiil:SS 

(Prague) M M # ii: i§ JlR ?F, ts S ^ ii > HfJL. sa j£ fo «ife - ^ A 


<D 4«ffi'#X(P«erTrigai.tii-)ffiflbSltaf#««iea4>»SJ:*T«««S5ia« 

500 «j^7c. 

Priestley» Gach. d. Optik, ^ %Bt$^(G.$.KJii^l)flif «Leipi3g«1776.132e 
• f$tt±&-;B«(1577—l628),SaAa610#*®« - 
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^ ^ - ft S ife, a: ^ m ^ T W S 

:fc:fclfe^S^^T6fI^. 

M ^ft. sc ffi Hs jtf # «-e JA BP s ^ e<) ii # w i!f ^'0 M * 

^o"® 

*iisJiE«iwis»;tM.ffe^£iiT;iftMyt.^m^^Be,^-ft 

5ili®'t^t®;S4'^a®siE^±-yi3SS£^M^W^^aife;tra1#«#» 

'£ fn j® a M la ® lu ffl ^ a. ^$ M ■£ ffi ^ ^ ^ ii? w ^ ft ft [^ t w 

gi:iliitjTSftW-faft^.Htffft«inTaiWft)i&. 

SS ^ ^ Ji tt S ^ - ffi ± H 3S ??!(it6 fi? ffi « fl ^ lit ^ M S , M1. 

^teSiC^SSlW t/h?L,ihA 


© PhU. Trans. , Ahr.. Vol.I-. 128.1672 ¥«SIIS;#lff i&T 






m IS 


fX §1 ± 6<l BJ M W K .4 It ;i dl BE ^ ® « ^, B Jlt a ® ® ^ jS ^ 6tl ^ 

^^^!S®B^iL«■)t^6<3^l^6^)BT^ffl^®'’(<^t:^>m-##®V)c 


ffl Pftt/.Tium.Abr.. Vol. I.. 130.W O^Kicib .Book.I. .Prop*. I —V ‘t’tfi.fliaTa 

»3C», 


(Z) Optida .51 ;*Newton.Isaac".in [He. Nai Biog. 



0 (Lifege) 

MiiiJ#:i'eft^^ae5s^,iT5«^z*'e6«)^aEW3^-®o aji^fss^ 

fg^iwsifjfeae.. 

^ >01S ^1 ii m ^ ^ «f It H ^ 6^1 g W flt. fife ip ® t# T ^ T S f^ 

fifeK^iEitfeWfiij&;s:twj&^A;t-o ^lu 

s;#^j»tii»f-fs«*fi. fEMfnfflisw^^iifefnfi^aito ‘^rnm 

tBTftfegQMSifffl.tfaftfe^m-i'ft'JifiaitMiffiilMAo 

i668 ^.[MMm-^SItSia^]W6^£i-^,ag 1 A 30 

Sij40-fSo MAfifefttT-^SAMEitaja^.ti^^ i672 ¥fE'e)ii^ 

+ « tt a - # ^ifp-fife «if-ifc * 


0 H. Serviu, Gesch. d . Femrohn «1886.121—132: D. Brewster. t^ <f Sir iioac Newton . New 
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0 ® a SP it M ® 1®. w M T ^ ® S£ g B ^ ff J^^ a {in jIt * I? # 

^,V^S.^ \672 ^m i676 ¥:^rBl5£ii6«lKffeifeS;.^0.^f1feiJ.SJfefcit 

# eg S il a M W iff ^ ^ ; a ftfe ^ ® ife ^ iS ^ ife fl^. flfe y. 5fe 

SF St S'! s B M iiai ^ 5IJ 3® ^ ;*: M t2 IS, M tl a^ 6<I 51 SIJ a 

K » « >i-J:-K'^ g£ S It; ii Dt a LU US # sp * »>f-W ^ fiS W 0f w 

ffi M iSfe ; # M.'E fn ife M ^ m a f# a r Sf - a. w M T 5fl m ttt if 

fif] m S! 4^. iS ^ ife * IP flt 0f ffi I|fi 0<) ;F ^ ifi ® W ffl Jl ^ ^ 16 IS » ^ ^ 

&i]S^K45c ftfeift:“a?i#^i£.*^&?ng5£^#fy^;i^Brggjssi4 

waK". 


<D 1704 *FW<Jt1fe>l«-««« I + 

09. e#xtieig«»S£-S09lt)1-;tiq9rS9l!ll3tE09 

0 Phil , Trans , Abr . Vol . 1 . 145 $ G . Peacock . Misc^ia naous Worhs af the Late JhomasYouong, 
Vol.I. .145,146. 

0 Phil . Trans ., Aht. , Vd. I . . 146 ; MisftUaneoia IPorks of Thomas Young . Vd. 1. . 152. 



17 t ft / 73 


6<) m ia AS ® Bt , ^ ® * J)« 7. M # * T a ^ ^ [Si 

W « : -1'S « ffi ^ A ffi iin SP Sfe SM X IP ii-itfe Sf W E^ "[i 

nmrmis.m^m.0 

ta^j.ssH^o 

iSo 

SflteKl 1666 ^ilifig 

ra^aiife. 


(S +<i09 Opikia , ITO4,Book A - .P«fID . ,Prop.X» 

(2) Optieks^Btxk. Q . .pMtfll . .Pnjp.li . jtfea T.l^on. TV VmjofU^. ad ed, 1895. 
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s i7ty:^W[s].Sifns*Tia*tt-Wfti^)6^i5fe®.a^tiaiS'ti 


d) Ro«enb«rger»^ 15 M£(I)«Pvt. 0 . «131 »132« 

® ^ Optic/u.Book ID . .113—137« 

® Book I. .Part n . .Exp.7,92? tfeiH.l^li8(Al€Jian(ler Johnaon)69ife^*'Newtoo, WolUalon. 
and Fraunhofer LjiMa'’n!^9.AT /Vatur«,Vol.26.1882.572» 

<3) £. Wohlwill. “Zur Geachichte der Erfindun^ und Veyhreitunf dea Thermomeitn^" Poggen- 

dorff*e AiWiUny\<A. 124.1865.163—178. F. Buickhaudt. Die Effindun^ des Viemometen und Seine 
GesUiitung im 17. Jahrhundert. Baael, 1867; £. GerUnd. Dot TTiennometer, Beriin. 1885. 

^1^7 G«rknd£«fi«ijt«o 

(Comeliua Ditto!) ft li IR(Sanctoriua) .« 

ifnther Paul of Crvow) S 

(Robert nudd).«»Aft'g6:^^SS69IIM)E» 
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?a ® s ^ . a fig T flo ffj B& M m M * 

0^* 1593 

^;^i!lftiJt&W^-^^±-^m^Sift,:a 1603 

#fi^)o 

^Sfi^J^a^^■U:■a^S![7ll->^@ta.® M?S3#±tfe®$fTfl)l!?iJ 
S 1632^1^ 1 0.flbJCai'*fe-&il^Tf4-f^iJ4>^A 
SlS^C^^iSi.S 1636 ¥WgiI,XEfni®:*i&ai$ 

ffiii;-ISM$irli(^ 25 

MtllT.ffifn«®MBT&ggft}(fr-^S^6<jA^^»?!iam-tS(Gnmd Duke 
Feidinandfl. of Tu9caiiy)MSiJi. ®«?aS WftSffl .?<^JElElJ® Ptft® 

a ® ^ ± fn (^ ^ tt »f fn ^ ®) IP ft fti fij ■§ w ^ i. ftb fn j® 3 i; T 

W0nffl^^K(Accademia del Ciinento)o a''J'''J'MS^— St^M 
AftJK*TfiinfijBS6iifi|#;mftS^^^{X#ft to ^fltrHj.BP 1657— 
1667^, aAftifScMi^Hftfi-1^? 

W5iL|S|g-|ia^(Leopold de’Medici)KWfi)S¥f[##!:^WIfef1^T:fSfe 

KS7ad!c±ii:65K6t. 

^r^mo 


0 C.Hellmann, und £rde.Vol. D . ,l72;B.Gerknd.iB.±jfftt®« 

® ja.E-WoWwiU.mi:Ktt® J69^ 

(3) ««(tmiae).*#j|*«x2:.«r|i:.3^5:Nffist^MA.fa*#o 

—»a 

<S> Poggendorff, ^ 10 9^® ,351 ;Rci6enberger, IQ 15 9&®,PaftD . ,162. 

(S) G«rUiKl.|QJt9tt®.45;tfeftttfl5ft Wudtmann'$ AnnaimWol.fi . .eOi ±t^X9<, 
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HH) 


j^8o^4o^+a#faiisB. 

13y«o 1829^,«l0&f)®*ffi*'fSa!TW5'ffe^W 

® S $$ ^ Sft ft M a ft M m S ® tfc S at, fij M iA. 

EPW?'f£g^Mn^S 200 ^l^9fft^f*!ilBfiiCo® 

lifil7P;fW##SCia= 

ft!PifS6?i®SEf^;^0^.^^o 1665 ¥il£»lflTI?ffl’tt:&Jc5R 

fflfejic:?iE'ein^)-ssijiiSo '£fn 

i659 ¥ffliS7-7-®®Tt-,a®^- 
1658 ^ 5 ^ sy 1660 ¥ 9 ^ Mfi*iH^*j£B®SBa.f5I»:7?Fjl&7 1655 


<X> G.HeUmAnn.|Si±KS0 J76, 

^ iAhri,Poggmdorff* t i4n/kKfen. Vcl.21.32Ss1&Si C«rland. Das 7%ennomeler .A5a 
^ E.GerUEid.ZA(«e^././ni(nfc.,V(a.U,18n.390. 

(3) MaM.OoR^ /ien^^Vol. 121,1895.230. 

® R±,Vol. 120.1895-732, 
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® fn s ife se. ^ ^ 6^1 ± - ¥ B K isf SI in sii ft M a . 

J L. ¥ IS, iS Jit ^^ M »f • ^ ^ SB j?; W ^ ^ SIS B # ISt ^ ^ 

iSJit 

S J1S T is ^ fS Ifl it W ^ = 

^ m m. 


gt IE ^ ^I^ IS ^ T a « ^ ^ ^ M a Jjy :i -'Mfi »■’M 

^ i^ ± ?ie, w s ie a “ fis IS ft wS0 $ It", A in ii # fE a ^ U3 ?(j T 1ft 

Gresham College) WftS S ?'l fS ^»c Ifeit ft: 1580 ^, 

“l6^m5fei(Mr.Burrow9)(felS#:frffi^^|[:t3e#^M-^A)’'Sa 
TffeKMfifjfiglSft^^ia^ ii-sritfafi 1622pg«41i]-^ife:^ 
^fea'e:&IS^^6'>13';Sl634 ^.|lfe:|£:A3t^a'eW^Sa^^^AT4^® 
IS] @ ^ @1 P& ■ W ® tjo a Jft. fteIfc g. ^ 3t£ z ^ ^ A s; # 
ltteiSCfflmiS^01'S®MSS®3)&)i!¥1¥IKW$lto 

5^®l&lfeWlga,ft 1698 ig ilHttf:( William in 


0 Mat^,PrifiC.d.WormeMv€.\31. 

0 Ann,d€Mm.a de Phys.le.yiA't .,\ZV.11S.237. 

O ^ Rl Heniy Gellibrand« A Diseoune MaihemaiicoiM the yariMwn fsf tht Magnesicali Neetiie « 
London»1635.^St? G.HeUnwu)*» Nwhucke, No.9« Berlin.IS97e 


)OI 
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"’- «js 18 

1676 1684^W<^^^IR>±ieiiM 

jfeTP3%Mfigi&l5to 1681 

± # ± w li 7 iiE ®, a K ^ w i® « ^j (a!! fn A & K It s IS iij itife in &«) 

- © :6: ±" it Ife a - fiSf £ « M m M; S ^ M * ii a W S§ ^ ffl iili 

® W ♦ tH ill ^ is S: fii) - m. ^ 4^. ^ ftfe - a itt f!) T 

a-7S. s * waiSTig.3tmitisft#*iti!i6i]#±%® 

. 

T»”® 


0 Beajajmn.lSl 9 SS0>448« 

0 L. A. Bau«r. ** Halley' • Earliest Equal variation Chart«” T^mstfial Magnaism, Vol. I ,. 
IS96.29a.A. Bauer, A'flture.May 23,1895. 1686^^W^£ PhOoioph^ 

ieai 7>oAMctio«(1688,No.l83)±%«TA¥n([S«ft]:imBB>(>^mop)« SftSffUS^ 
G. Hellmaim't iVeiujniOifce »No. 8»Berlin. 1897o 

0 E.Hoppe. Entw . d . Lehn. t. d. EUktriduu his auf HauksUe ,Hamburg, 1887.18. 

0 Boyle ' % Workt , by Peter Shaw, 2d ed., London. 1738. Vol. 1 ., 506. et aeq.; E. Hoppe, IQ 
-fc.l7. 

0 T. Birch, H»l. of Pvjal Socittjr «Vol. ID ., Ladop, 1757,250. £. Hoppe, IQ ^(0.140 
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-■f&W“?®*”(inundane virtues)-^ 

iS Jit IS W - ^ m ^ ^ ^ ^ ^* W tK 51 SI ii It ^-4, ^ S: ^ c 
1676^M-^®Bfe.=^±-'t-*®^ffitf-A<.ES?^:St^ 

Porte Saim Michel), 

W^ilo ftfeil:SnM±IIS!>t'fflJtS4^.iiiiaE«^[ffiS'^]aAI>l'3|^ 

P It- 

K ^ tU * e ^ I® 35 S'! A M P3 5t ;2: faT M fB] ^ iM ^ T ^ W 

+ 1 38o 3?R. fl)Pj|$fcffl7A^S 

fife ii 0.0 

1 473 ElgRo E 

i72Ei?Ro 


O PhU. rm«. ,1705,No.303-2129sHoppe.ra±Htt(3>.2U 
<S> Phil. Tran#.. 1677; Heller. V(a. D . .339o 
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1(15 


ife ^. f&«r ^S IE «: T “ 3¥ tt :^J" 6fl T m, S It T “ :fr ^ m 
* " 6<] T :fr ®^ T lit-53 IIP * ft T i® ii ^ ^ ■£ in T IS SJ iSJ 

m H 29 725 

ia^diT^it^^ 979?£R,tfp3ci&ffi^j^«i 1 \A2%Ko 

it in 7 ^ i& ft ^ a ffe ft IS] ;fc - a M ® H. fa , K JE w )S # ji ft a 

V o 



18 itt: ^ 


]l)6 


isis^asarHTifcs 

WaiaiS#Wfll!R- 

sisiss.aiai 

Ebflg;^WPaWA5!efti^5W. 

« ^ * tfc SI is W Bt ^ 4 6^, fi-e ^ la it iW iiJ ^ ^ # lit W B^t ^ i 3^ 

iEJi* 18 Ifl: 

l91H;^B4>t^t■ = 


I in 
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18 Iti: s ^JJ, E-te ^Ij at (Bay arian) M-ft ^ ^ C. E. Sfe if:? g * 7 ^ « 

pjttK^a 1789 

«Ji ^ * W i£ ft ^ ^ M. iS - S se t# ^ ^ a; fib iJk -E ^ 

ft^«;ttfi<jo *fiSiS^#?fc.^«MiCAft-#^J-ll¥]tie= ffeiE^W 
4^flftflMM«#tt![ft-#tt.-^tl.ifieT5|eWftSiSi!&M±o 
i"'< smy.ftbfn^^bDTM^^^f 

E@ tt. BP A St Sic tB «S * a S T W K *« ^ £ * tfc A 6. m ^ M ®c iiH!« 

i&tamo 

^^^jtasM^ftij-KsaSo itft^&sae+aAtiaT. sjaa 
58 ^® ® T ««« yt lit ^W ^ lit«a E St fit) j9^ 0.-E ® ^ Hfc 

SWiilL^.M£^jS;#±5ieHS-#o #^iS;+f:®$4ft5gt^Afti5 

S*:fi£fflT#)Ki)fE,m^'EfflTj0tffi3iio 'Efnit^ft 


® iSL E.T. WhitlaJcer.^ History pf i^e TVono cf AeUur and EUctridty from tht Agr of Desconos 
to the Close of the Sineioenth Century. london »19]0e 
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* ^ 

^ ^ i£ Jft * W=« W i)t[«:)5-ffi. a a-e fn M ;5^ m ^9S ^ M 15 

&l'A®#P*tIiaw.® fteT i784 ¥4flbW<ife%tt=Wi^j5^ifn?$ 

it 


e ^ § Ml] is .'E # il. SP B^ e ^ M St ^ Hi ^» T j® ^ S Xft s # ^ 

6^I^0=tf<;AS:®»ripiimiS^iii. 1888 

®i'Alp*gd«*r3tBa^lT*si0i'f’«#o x^^->^A?^£i^i,^E^T 
^ W &!j - tju DS s IS Jis 6 ^) i a ^ T 4 ^ M . 8 ^ tt: fife S^ ;(t 


O E . Mach. 7^ ScKnoe tf Mtchanies .trana. bj T. J. McConnack t Chica^, 1893$ 

E.Duhnn^, KrU. GescA . d. aUgem. Pricic.d. Mechaiuk.Leipag. ]8S7o 

<Si Die. Nat. Bicg.i^SL T.Young's Mise. Worh.\<A. D . .617—623o 
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fij T a in tp ; a S ife ^ {X ^ A jl ^ ^ W, M 

ftfj m «£ W !^ Ifi tt Si fn ¥■ # ©f i® « M 3? s ^ a ^” ® 

i8tH;&MfBS^ift6‘i{2WW^iilM3r-ft^Jigtfi(Euler)® mis 

sfTSp^^jtesda 

M.® ? I e T A # ^ 12 ( Uppsala ) fit) «C 1§ j£ w m Sfe # m M (Ef 

^-C.'. ffe JF *!& * * 4^ ^5f 65 ^ ^ gfe. # S1# fj T ^ ^ 7 ^ ® M 4S ^. 

ia65tSMt&l64^4S65ffiao 4"*,1^65Sl«. 

1757 ^ ^ ft ^ j?;«IS fifi # «rt. Hfe 4 ft 4> IS a. A It ^ 65 iE S ifn T Jr 
HI lt^65iES;2:fcfc;itl6S¥3£^;^ i.53,;itA5i£«;^ i.584„®Sitt.fib#r 

'^a®fiSi«65,ttfi^B3f^(Mee65@ift)“^M7:Jg65t#W"®o 


® S.P.Lmgley.Tfc! ffuawyqro Dtwrin*. 1888.4, »*S A. A. A. S. M Jt (Kleve- 

Und)^l!lC* + , 

® j&!jC£41£ Memoirm der Beriiner Akadenie, 1746.17S29 

(3) Rownberger. 7. A'onon u. i . PA^. Ainc.. I89S.332. 

0 H.ServuB, GncAicAce ^ PcmroAn , 1886.83. 

® #fll PAtl. rnuu.Vd.SO.1758.733, 
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*^MIB^^,i 761 ¥.ffe6']JL? P.^6g^g(^P^fLM0#®T^■^ 
^ :S ^ ?f IS ^ 5(1 Hfe C5 SJ a « if ii = 
s: $ »r ^IJ ffi T ^g :fc M S m, i*. ro #1 iS T nr ^ W ^ “t »T It M iffi SI 

4;:fcKittattgl£®^^aTo KMSfrM^e-i^JTltgiffiSIAtf-JirffiM 
123 1^^0 

To 1729^.4^il^»T(Es8ex)fi<I M.S^(More HaU)M C.M.S 

^ii:sxA3fEas'ifibfi?):®si.?f«[«T;L^tiS6o m=i,flfei*.5ies«‘ 

A M S It M is Ift 6^ ii fp fe ^ M is It W l?J S M Ji 41^ - ^ 
Ptll^iMo liaAxa^7«#MKJ5= * 1723 

6 ?£R-tc 

MSItMiffilto 123 ^RtfcM»fltMiffilt3f^&! 

s T s c Edmbuigh) M ^ 1^. If jgii s « «a - ig M T la ffi it M a 
i+= A7eStffl“$raK3¥4:«M#WiPWHAWifffiA±9in^t&fi«^t 

^o 10.20.30 40 |?R6<)IHH|t. ft 

is.* 1789 ^^aTl[SA4^R.®ftA2 500^fl<jajffi|t.i^i-a 

(Par8on8lomi)M^»r@jft* 1745 ¥ftlt«7-'1-M A WSItSSM .'E 


® D. Brewster. ^5^ /. A'eeitdii ,New Y<«i.l831.64—67.^^® 

,0 S] BncjtU^i d) edta firitonntca (9th ed. ) ^ ^Telescope** — , iU Edinbufgh 

Eneyciopi a) etiia ♦W‘0ptics'*—1fl.607,tt®o 
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4 4> lij 3ie s ^r a ii ii # w m a ®!" ii :t a 20 # ^a ;3: ^ ^ fig 6^ 

^ :fi; ^ ± 6«) a ^ m (Croasiey) ^R ^|e ^I^ m (Miiu) a 1^ a iffi gs 1 ® J 0 4: :*: 
6^^^|t;B,®<Domimon)^S;^®:*:W72 3?-+MS»f. litS^io 
ffi^i/esEMsga^abUi^s;^ G.E.m^ 


pr*«wS'n.4*Tj' 

|ig««(I663-1705):S 1702 TflOfJli&S^. 


<D A > M. Clerte, A Popular History of As t r on o m y , New Y^« 1893.145,147. 

Q Geo^ Ellery H«le. Ihe /V«v //anew , New York , 1922.16. 

^ C.S. Hasting, SmuhsonioA Report , 1S92 : ^ JE CecH^ E. 

Hale,**01) the Conparative Value oS Re^vting and Reflecting Teleacdpes for ABCiufdtywcal Inveatiga- 
6ooe\Astrophy9icoi ;«ima/, Vol.V., 1897.119—131 .W 16 W 17 *«»e5St«^* 

^ # SI H. Ruoae, ** Ceechichle der opbachen und katoptnBchen uiamorptio&en '*, Zeilsch. d . 
Math . u. Phys . , Vol. 39,1894, Hia. Lit . Abth. ,1, 
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‘0!6tl^^^RH@#ai.SlgfnWfllKStS't4ig^^*^_239.5'Cc 

ft -270.3‘C.®5Bft^t-ii^$Wm* - 273.l-C. 

ft itu life« 3f ±te ft - e, la a-e M ^ g? 5J-M )pt ifi Jif ifet, iJE :t ift-e ^ 

^^i*#ifta^Tl- 

^ fIJ PSJ «tS W ?E W a ISd , ffe «1# ( Fahrenheit) ft ([fe ®f ^ m S it W 

f&aiiftfi^(Danzig).i0gJP^il§i(ff^ftgS1Jik«[Witfe 

feft-'t'H 

l^-^.^lfea^m<^#^^S)E®ffl^i^T^i; 

|g«jSIM^,fte^tgftft:^l»&miSf5Iii«J^o ft l709 ¥MIS^^1!i. IK. 
M «i. ia M A ft ft M * iH ft c 


O E.GeHand.'*Ueber Amonlons'iind L^mbeft's Venliewte um die TVmwmetrie" « ZeUsch.f. 
lniirummtenkw<ie.\6i.yi . . I88S-31^322. ftjt Mfi£ Pcwfe’ j Zatsehrifi , \(A, [J . , 1899.142. 
143 c 

O Lambert./’tTonMVrw.Berlia, 1779.29:E.GeriAE»d,/ru . fruunimAatfide«Vol. \|.,322. 

0 »*x!i o$t^ 

wald' 9 A^Uvr,No.S7.L«ipSf« 1894o 
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^ 0 ^ W W . ® S 3te f&a « SJ # Ji Bl H 6!i ^'ft ifg $'=® a it 
^!Jaa¥3C3(^S?gMa^a^^^0:*;WJ^iKo ^^tilJ^S:te 

ffc tK « M « if-fifi ® ?t) ± H ® * T fife S ^ T m ;!tc ^ M :^r a o 

Mflfea i724 ¥S^fi<jm-^ifeS:3)e#.flfeaWJ5ffffl&5iasai£MT 
fn;t|B]6^0ll^^^96So il.ftfe 1724^S^6f)^-0ifeS:jfc#,flfejJ 
fipT:“sp®iasaM?5'j*fxfRj6fflfflafi&7 0 mm±=f- % 
^jfif):t5fe.*f£.^. 

w. 5n m fe ® «i+a a a )St. ffl'i [ s * if-rt ]« w P¥ ?s gij ie ^ 

11^ aa#is-^ti4>,!fl'jsitf4s^a32a. m=!k&^m96mAm 

zaai+^gSScAMmAMna^lKT.iSttMffieiiJa-ASo"® 
aftbWm£S[ife3:4’.flfeiJ^:"aS)BP^T-^«f4^W^jS^M3e 
a, ® yf a SP Sd ;(c M 212 s; ^ 3|e ?i jS a a jtsd« W 

{aa^0MA‘^s*T'e^tgm^ffl0o”E&jtt:^jj0,.a 1724 212 

1724 ¥WifeS;6f)i¥@JiiE@S6f).SpiEJS 

a, fife W ^ ^ ^ m fie fife Sit ?f T a fife tf] m - gf ife a ^ a S] &<l M I '0 ^ 


0 PhU. Trans. .\i3l.y)A72A .\—^iOttvaid* s Kiau . ,^9.57 .i. 

0 PhU. Trans. . Vol.33.179 J80. OittPoW’ # KZow. .No.57.17. 

0 Os$wald' s Klassiker , No. 57.6.7. 
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fn 1; w ^ n M fa ,& ffi ^ fib 51 m # 

i7i4^6^<WH^>^6<)^^^5^^.ik^&ic6<j4t;kM-^tlS]j(ii?« 

^ f£ M iS S if tt ^ A fn H a A 3^ ffi 5^, S fib a ^ 4p E iS 

S^ifJ'eWffl-ft^ ffi^a,«)IS«SifTiaSTf. IKlIlKf Reaumur) 

ffl ?K ^. fib a :^; T jg - # BE :j5r fl! X Sg :& SJ ffl 51S ^ dS W S fli M * 
it. fibM3e^fs^siibfflfibfs«^iibji!ft«@j?af$f$s^6fi>ii£^«.a«rtgji* 

1 OOOt'^fif^mS'J 1 080l'^fa«i 

jifc w tj w ife «?s « T •& w tt; a ^ a # ^ ift f« nb pf « m: “ s jK 

So®3£fj»T^w^iit^s&tcM7kWfaaf^::^-t-a^^.Mja#T&E 
84|^R^MilbT^J9fi«^MAHbMia®fti^-^®$ 
A= i^if^;ifib^t±iw-#Sf.®i®. afex:^tp«ftbAatiiijafs® 
WUbT^MM^il. jEfJ»r^tfEaiaaW^^;tr0l^:;^ 100^J®,a 
jifcf#s!iTW®]^i«Ms®if^fiif-sc«^tipfSo fibfifisii^ttia^ef 
^s«fibsa?&rasMa0»w 2o^«iB];aftMo 


(D C>«««xW’t/aa«t*fr,No.57.IOO-U6,l27« ® 
i»x**a« 19—ii6». 

® Deluc, H«i^\^hes $ur Ut MoeHfitotwm de I' AmospHin , Gen^«1172.330. E. Gerland r fQ S6 
Ki£(3).20o 

(3> J. H. Graf. Da* Lebm and Wirim des PKynkers und GeodOten Joctfue* BartMUmy MU^ du 
Crest .Bern. 1890.114. 
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M.Sig3aS^iJ^mM.m#|!Ji-4W«Ao 

M#fl-,l737)-45&«)ffl^l|gEpWmi:i:iaillT-#fa®it.aWT6fl4' 

*iEi^ i,*i«:±T*P:5)-^]®,J[@! ioo<. 1742 o 

m,im^:f3 ioo«o® ffis^s#!i^a3iE.i-ui*.^^*o«.ji8¥iii© 

UBiJ 1779 ^?|J^T 19#o®^Tftfein4'M 

;L^WiS?I^M«KS#o 

ftW fit» ^ « aa ff M » Bl£ fp ift ai * ;5^ S « 6^) M «i+A ^ =i 

^ i747^E^^0i&(jafiic^e^3£S0^6fjo wti^w^^tt-Ef^TSiiao 

ft 1705 ¥.Afneg(ftaTjsn5&;/jM5Ei^iSfflMm-^ss 
w. ft#*wMii&/i'is?&tfii5a0(iam6m)i (m^^vx%,mn 
wtsffliswiaso ft i7tH:«effli3]Afn«aii-ai(n'?®fts».{i'6: 


0 Abhandl. d. Sdtwedis^ Akademie . Vol. IV .« 197~205i if Ouufoid' s fGasiiker, No. 
57.117—124® 

0 Poggtmh^'s An- 

n<3l<fa.Vol.l57J876.352.«;3>HffilQff«M^«gfc^f6flfi9fiait:6‘9^tBS$IJ«»4!:« 

»A,l00mi»Ji^mm9trC<mv4aRendm,y6lA%.l063.&%9S.m,t.W.ViML^»^m)i^ 

0 G.Martine, Essags medical anb phiJeeep/ueal, London. 1740; Lambert, Pyrometrie, Berim« 
1779- 

® Phil. Trans. .V(d.72.1782;VcJ.74,1784. 

(S) G.T. Holloway.“H k Evolution of the 'nMatrwaieter*’« Science Pregress V(4. IV . >1895—1896. 


417. 
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^JSfflM#LS&^flK^b#i^S^ai&1fW©(DartInoulh)6^Jl^Ea^i^» 

tfL”o 1705^^^#T-^^^']n S 1711 

^^ffiflc^^aWtSi(Wolvertiampton)f^tl7kffl= MmJT^iaAfljnftr&tl 

IS n M i-h sp A ^ a :#3 ® fs s [&j ± ^ ^, a f j ft to: w «s if ;t rai &«) ja e& 

iff;js.*ftto4'W^fti®w!rAf)f[«E«,y.mig 

ftto;tiB]Mfisa,ffiffls^^pm«ffiai'*Tg^is^o® 1736 

ftfeSJS# 

ft 1760^flfeft^S^^E»^a?Fa-^X^. ft 
IS ft ta ^n ft W SJ 5& je i @ ;$: H=t , ftte ft S& W ^ ^ M *• iC a ^T 5C ^, 

ftitPisf 

l'Ja^4«ISftta4>lftWAaffiS®*ftftfaft^-?>f*g4^^i'J'?f7K 
ip M i«: «c. fife ft i(& # tS Jin f0I ^ ^ ft to “ ,& « R|| iS A M IS ft sp” 
ffe-&i^sfn,fife*«^iinM'iis']Ti&?ja^SMP<iiiiif.®S: 

“aft-^Btg^WM0Tftfil±1S#^o SaAflja(Charlotte 

8treet)^ii«n^6oaite,ft^a*ftft^= SB^SiiEfts^isft^.ft 

,ISrt«^IS 

S-«>^Ptt(4i,ft#?1'aa$t.JinmftfttofPflPftWfS;2;|S]ft![fi2- 
t ^ , K'J IS ft !t^ M* a # ft 3g, IS ft ^ PU ft S M ^ 

ipftto=”® a#®S;ai-:^ISftW«5tE^^M.M^J6^M««IS 


O R. H. Hiunton > A . Hinory of ^ Gronth q^ the Suomengine « New Yorii > 1893.20 . 

® W±,6U 

0) i^±t83. 

K, 


i:() 


® ra±.87e 
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^)-^Wi£^= fi;i:.a^iEeiMm:S:««Si«%ife6t| 18 

-ar&iSifW—^ 

iS^d*'tfeW 

^ T ii If w ^^ H ® A et «■ g fit!« « m ^ ji «c«jfe ^-e g a M 
sft.w®3iAa0m.mw^A(&ifrm;riD-®«sn«EAWitAi!ri}f® 
i^^aAia'efn»s,'efn;L-?^i£#;£±*^^,sit«ia#^_hiEit-#; 

* «!l ® M a ft # iJi M * ¥■ M W » BX ^ # it &f] ^1 ai !£ M 

M A. fi ^ ^ a ^ ± ife M X K Ji 3C IS tt W ^ iiD ® ® ^»^ 


O S.P.Un^.W 84 5tt®,2e 

® G. Bertbold, Run^ord und d . Mech . WarmOheohe, Heidelberg»1875.2—5. 
Bertbold, R il .6o 
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m). icsti 

^^^ffM.5^^ii'^aifef^Ti^^^. itft®yi#5feS5JIISAffeatgWaj?3i 
lft:*,m*iE5iJ 1856 8 

4^, M m S s ii [ itft w ] ^ a ife= 

(Bordeaux). Belfast) . -I'M 

jS fn fife &fj ^ i flat * • S: ^ # fij :^K W n ft dt 417; e 3tE t# SIJ ^ - i'® 
)^450;miEfilfi(|«[®(4#mA'^£ET)J&536. ftfetUtg^^fifl^&f# i:' 
3mmm^mii 8o.o3(a;t*4=sif#s!i6f))o 

^W^.flfeSflbfi^W8K4^)B#TiiP*Sa.flfeIUrmM^ft!(4gfffl# 

a ^ f2 ^ n ^ T s liiii, ® fi fig 3^ s s a nn tn. * %3 M ^ . 

HrmB5ii4siJW-#,SftfeAta©titbi^#fi5iiia;S:o Eigwiea^f^na 
^ ^ - :^r i&i _h ftt a I . 


(D Die. Nai. Biog. 



fit IS ffi m j£ e ffi ffl a S 6«l :§■ te o ® 

m 


^irm. 

fi^^«iSfc.0fW6<)^tt:SI5=R:W^S3W3|Ei^i^* 

ttSfffi«:SiJTA*SMSic*;fio fifelU^SSfiifttfit6<):^r 
^ ffi g a M ^ iS ^. fife jffi « sij. ^ fife 4 ii( s ^ ^ A ® a ftfe N-. 
ii:y.fifega:tAi^aiiifljA&<jtffi.N0tSifi»i«w»i;i^o siiffg4>ia^ 

‘•®^yi.fife;3ciffi;g;FTm-i^-ASS!iM6fett?? 

5t i ^p fife g a # ± iii w % A ?E 0f ^ I ^ M fs ^ o" ® 

tfcl»SMW#%.ftfelE'Efn«^^^je«^fn4£«^. ^3ie.?^feS 

ttSJM#&m#E,SEi.:i^*sffi'efn5)-?F.^f^aS'£fn^g-B^xfs 
jtfctWo aj6«^74seiiwsife>^rffiwa-^MmA^ao 


a8tWg = ^^ES^;i-tilW), a«ifeS:«»3C»^««T OsiroW’,/Cia«ifer.No.40. 
« 3!: 1£ «f*9« * « a S » 69 # 2 H „ 

<2^ Priestley,//uf. ef Elect. .iMtAcfi,IT75-41. 
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^^F®l$(Erfurt)WS;®iiJti^«lsiMft^iE35;»fii:6fj®^^. 

sa ± ® S W ( Grisons ) 6<J # ^ It ifR lit ^ ffe » M ^ lit 3S Ifip # »T ® 

S 1762 ^, 

A^4^wai-S*w#(^7 1748 ^),fib*Sllfit;E3Eitfe:)5rM-^0J 
(Camin)A#S:SWm±ISo £ 1745 ^.ffe^f-litf?^ffi 

ttsT?E%c ^f&M-K^*#«w-ec«trr65/h®«m,#LU0jg* 
® en ^ 1$ ® fell ffi IT ^ * 0^ . life m « fij ^ IT $ ^ w ass w * . til 
Sic life ffi ^ - K ^ S te •£ sc 1(1; 1# Hfe M ^ ^ ^ SIJ T - T a * o 
ft i746^,fti^^si®(Ainiiiifeftt6D:^ici^aiTi^#w5e;sa= sm 
lS61i*«fiU#ia^fc91ii:ft^35iSaffiJISf*aM7K^*o ftiS®4^.flfe 
ftt - AH S - ¥ ♦ « S a m, ffii e 1^ 0T lit ^ - K ¥■ IE IS :4c ta M ^ M 
^SiJE^l*±o ftfe®EftllfeM^««lftPM^«(-*M!RKl. a#.Sfc 

■§■ iff «(] IS«, •'BP ® ^ T & ^ 0 £ S.«ifi. 7: ® # S - i>: * *"= 

8E®51 illCltlWittenberg)MWg|![S^aTSISS6i)1#ifeo ltfe#Mllfe 

® « fT ?E, S Hfe M IE ^ lit te S ^ W # ^ ® ife 

:i!;o® 

ftKiW.TL^^-^S^IlP 

^6U®3£tliiE0a.?^-^!;llim#ftSi®AWcftSS®mfi!c%t®TSg 


0 C. Albrecht. (rffcA. d. EUonatA AU5.'20—30 1 Priesdey. 

Hist. of EUct. , Platee .IV — ^ ; 

<2) Prifetley« Hist. cf Elect . . Lornkm. 1775. 86 . 


126 
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E 3i£ i® - ^ 900K-K w 6*. yij. ^ ^ js (ft * ft, M1'5*. ^y ® [^- 

in is ii m a iM M tk ffi.-fcc IE K ^ ) 0 [ ^ i ftfe fn w fit 4 ffi # m ifc. j® 

i8lti:aM-#JftA)iiM®f?E^n*SliMaifemttSEifiiffiMII*H| 

ji-i-ffiSSSo 

«ffeT 1747 ¥3^28 S^tSf 

M M Sf ?E 4>. a y. 3f£ S W «iff JIE -a ^ 0f 12 SP # tin lit ^ ^ Hk * 4^ 

^jS#,4tEifP»fffi,sw^ai-us¥^sm^T-4'/jwhM®f?2aH=o 

& 1747 ^7^ 11 

f!k A i® « @J. fi ;t S ^ j£ ® m --7 ?E ifi y. iR SIJ-e M » ^ ^ 1^ 

i^m-EMAo 


(D Works 0 ^ Bei^amin FrtuJdin . edited by Jared ^Mika. Boston« 1837. Ycd. V., 173~^180i£ 

O WorksriE 6 . of J. Sparks.) V0I.V..I8I. 
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«fniE“PB%’’^n“^^.”l£“JE4”^P“51 

%"&<j?p:@05!jTflb= 

f^o '=« 

Z\^’\ 

1748 ^. S ^ H ^ it tti X ^ ik # ffi fib W ^ ap fal a T 

*MgG5&.tb«TfibMep8flM,iRac^p¥So fibk:^StMfitS5tssa. 
fib M ^ M ^ »r fj ffi 0i. II ffi ffs ta s ^ ift m ^1'ii ii 6«) ^ ^ ^ . 

¥ax;tsir,ftbstffji&T^T4«!Ey.jt«m^. 

ftl737 ^,tf^3S 
i749 ^t?]jc,fib^MtbT%#a 

ife,^_a®:@,T-^AffiKiKmtfti= aAMJf5ift*tfe®»fib^ii^;g i:^ 

^»TfJi^^T5flSo ttflbW^ie:4^‘t>SaT#Wl749¥ll^ 7 SMiil 


(X) ITorib.CEb.oC J.SparH$.)Vcil.V.,191. 
® Benjamin, ^-h *575o 



« ^ ^ sa IK ? I ^ HJ « fife 

®. a fn e ^ fn tt i!E. M ■£ fn ft s 

a##o”fife^illTli(^Sgf^ffi5ITW%o “ft 

fl|tiin^i'.j«;sft±g®2o?£RaE3o^R.±ii8gijf#fa5fe„ ips«f* 

® a ^ M ;^j * ^ ^ ^ A |15 ffl T H M,«: ®. lis sa # ^ 1 ^ 

. 

ft 1750 ¥7 ^^t6f^ai:fi<)fS'pyfTaw.sffi.a^^®f«watji 

ait 

imc ft?i'?5£Hfige3fe#?ijM^ftB^,'efnr3Ei^iaft^.^atBT 
sfigo ftm-»:tbfisiii^ 17 

w w ft. i$ i*. * s w tb a ^ ^ ft ©c # nfe f# a E s M cai ge fn ^= 



® ff'or*i.Vol.V.,2J6,237. 

«*4^^S^lSH-«W«*(C<^ley Medal), ±«ffl*«« «#|S Jt#«l Worh , 
Vol.V. .489-504, « 1756 tt , 
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® ^ . ?? 6«) St m tl ^ Pt iS 6<l/h Ui.-S in W1^ ® #|I^ ^ 

^^I^flImi^(Mariy-la-ViUe)JSR5tJitejatTT^^ffj»fS^5teT= S* 

/LAlilM.S 1752 ^5^ lOBtbSeT^Msc 

ftfe?F4&EbflfeSEI8t^gS#Ai.^T±?ltiiA?Eo it IM 

life ft ^ *51 at M ffl 4-^ il: “ ffl M ffi g M ^ A ^ m ® - i'/h+? 5B. S 

m « A -K fJ IE SiJ iS - i(i A ffff » M M ^ « 3(£ ¥ 04 e<) E 4'^ ; ffi ^ W 
fi4^4LftA^SeAJIS,ii#li;ifc(8t«T-^R^. 


O Prie»tey,^ut. <^‘£^,^54. 

0 Benjamin.m 9 ]S£0,585o 

0 ronb«iii. 

IE irorfaVol.V.,2«8—293; It JE Benjamin. H 9 lead). 588, 
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1754 ^Si^dffe 

(Mahreii) M W # jfi ( Prendi U) ife j^r M -1'Kip jfi S-H-^ - JJ: ^ SI 7 „ 

4 sHm-^ 

1762 ft 1782 ^,ft»M«^ft 

400ffiia®fi-= ffefOMifeSji,® 

ffl W a Ji # W m S W ^ 3^, T t*£ fn M fR if ;/j ^ M. ® :*: ^ W 

ig-^%a^ifcSssyttx=ta^ifei£f^mT#iRi4W0^:‘‘iE4p 

I’-' ffl±^^S^I^i^^W:^rft3|tS85M,««P^SP*S*^P^#.IjgB)?Waw 


® * = S[#« IFofib.Vol.V..295. 

® ^±,175, 

® IFonb.Vol.V..30U 

® Hiu. Elect. ,86. 

® A, D. While. fPaifare cf Science With TlwologT-. 1896, Vol.I. ,366- 
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^= Afn^tiiT####«ati-@[a:;b^3io® fa:i.-aiij^^ifi-i- 
lH;^WMAfn;ri^W5'JKiEe<iH*io 

fSi S se . K ftte ^ ^ W ffi % 5 W % [^ 6 «) % c 

i8t&ieT^[H-.Afn4i»%M««i«a:^rffi^aiT**(]MSIfM 

j§l^®( Cavendish) @fiS'J^^K)^®^#lR)tfr^K( Peterhouse College) _h iS 


O ^7&S<7ttlF9£l3iiIL W.J. Youinana, Pioneen cf Sdenee in America . New YotIc, tB96o 
<Z) 9*llin,jl!,fflStdllKlt$ll( Robert Petteison) 69 l&X . % TVoni Am. Philtu. Society, Vol. 
ID . ,1793.122,321, 

® »^ft«W»P&l**#li(%CC*l, Sl753 ^«-««+,ttitt9J7««!S6il«ffi 

K9J^.m-i.tEmn 1 2oo%ftA9^-«e«»«<«#tt«9i, sm. i743^i-:i4sit44 
tH;IF±§ieffi^:ft69«8&,AftAri«S.a«!(IB4>»-«(S4-iS%)»«69%aA44^ 

e.KftT".Ain4<iBft«*w.itinwsc«A»aBttiiiaTffla«43t,»fiH«^ 

Te9*A*ff«ffldi«M3t.'i#y4a«-a^a:‘4»&aA¥:,i[ai i82o^ia«i.«*% 

IWbndge, BTuu ii 

EJectricily7 1897.26, 

® Ceylon,«^,6|i*4WI#rMS-fr, -*i£ 

® Dk. Nat . Biog. 


l.U 
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yt;2:4bo 

S&lilSlettfSI-^iSSIJ 80 ^MAM^ig-SSTfiti^eWd^ Trappe)6<J 

1# ii ± jn d Ah o ” ®jt it i^ M - ± IP * s ffe 6«) 3c ^ ^ti ffl =fs ts M « a 

M.® i773 ¥¥;£dffii£^^7.m<Ji«5*a^. fte 

"s ^4= i879 ¥,^S;Sfr^aiKgT-4^4i,#® 

1771 m 1781 

to flfe:sai,Eb49^*t^ttsmfia6<)%fifc-&^r32i o(x)“43£-t’’(^y8ft 

* # fiti # 4 lit (^ . ft {X Ji d “ ® ^P “ g " 5t£ ft # “ IS-t ” iSl 

“Sg". 

mtj i.si sij 

l.96.S;g^#SlJW®^ l.994o®±iEm;S;^aT%l?Mia:^. 


O Die. Nat Biog. 

<Z) Lord Brou^iam, Lives of PhUosaphen .London,18SS. 106. 

«ae7rffi»fia»r*wws.a«.ffla4-aia«5iw««s#-}tff’WMs, -^xisi^ 

iPo"4f«^K»±*^ai, aw«istt+»T, «;sijE«a*w.-^A:aw;i-*»T—6jiq 
iS:-|ffi»«-t-fflft?-W±«at6«ja0«a:-H?S«4-fflft.%UgffS«ittft-^iS. 5! 3 
“HerBcbel. Sir Witliam" in Die. Nat. Biog, 

3) Maxwell. EUci. Researehfs ef the Hen . H . Gatendith , liii. 
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iS tS 6^ Ji,-^ :4; it i^ ^ ^ fib SP at ft tfJ M ^ ^ fn ^ ^ life ^ 

fif#a®MJi.s^s:iti^e!i3;i^^iifW 

fls W ± ^ y. ^ T 4 W-H-* . ft a w a H| ft M iff 6«) a, ^ •& HJ 

aTt^fHWft^,ftfe0ffflW3^*«^#%Tf-. 

S ^ ( Coulomb ) iti ± a fife a m **!«( Angoulfime ). E |g iS ii 
*W¥a^f';#T^= ffiSEpS8l^flRa;L¥S,flfe0SiJEI?.^TX^ 
0O ^Dt^tS^Sf&5'Ji&iE(Bretagne)f£aiii»t:g 

Wo ai^isti!ii®T-®^H^WAti,#ii(fifea^aBf3Pftw^4-^^ffi 
n.fifefnfE«@To a e 

faAWjfiSfl.fSftfeafXS^T-R#^,flfeftl-USW^^'t’Miia^«o 
ft^»f-^iil:"J&iftfifeWiII6fptSSie«!ftfeW«^fSf?E-#i«iEo"® 

a^aflfeft 1777 

ffl-e IE 0i ^-Bs w a T ® 16 , a w 1-u s w IS ^ I flf ir 4> it o ® 

ftfefiE^aff'f^fflm%MWI|imfiKiEft:flfelfeiE0^,4i^#*ft^f^;W 

1785 ^n 1789:2:^^^WftbW%#9f^fg-&,j^fflfi^&^a^fifeW% 


<D ra±Ha®.l«.. J 574 . 575 . 629 . 686 ,ffeS^« 40 ^^gWftmiRI$ffaroX*tt 

<Z) tfuc. Vbnb.Vd. Q .,S40. 

<S) Heller.Vol. n . .499. 

® l760 ¥):tl!rSffT«MJ6ltRWf-aWi!F 

(Tobia* Mi)rer)iiE88El*I» 5L Albrecht. C«cA . ’ Her*., 75 « 

® S'^W'fcfiFifeXSltODi ft fi Mdnoin de I ’ Acadimu mfoU da scienat, 1785 Si 1786o 
83 E9 mu illicit 7 OstmM's Klassiia.fia.iJo 


I .'ft 
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I 


^ ^ 

tr?1^6«l*iil:tlB]M^mi4<, ftftSfrftfit^SC^CLa Rochelie)^i):m 

fS/Sc 

A^a. ®iitffeM^^#w^^<if,#-afifi!i^ift¥(fe0iBio ttiffi;ega 
^ftfeJEWSiajT^lilM,ffel3£lEWH]Kft»ifi^%m^f^ 

/h7J,S)£ftiSft,7I^fef3t±TttSI^»6!j4'ailM'iSo ^AftfcbaT.® 

fitfeit^j)t¥-&iJfTJifiM3tA.rInftfe*aTS^3SISo & 
#^^ftftl780 ^ 11 ^ 6 H» flllf^Beefi<J«2i&JiieA¥-SISMo® 
life w ¥ ? ft aa't^ s ft fi e f0i ffl; H ji - H w fi ® IS sj 71- 

§!i,^iiftflfAftBttfetgSi(l-EW«^o ^ti5flfeffiS$!a:5:ftA'H4 
&^^ito l55l&flbft^f*9JE!!4Kiaft^il«Aft^fi.ffi«t««^/MBI# 
^ i 5IJ ^ S tet. ii # Ifc fi2 ?!j Hfe ft T [^ # M «tS. ft S W 0 fife 

flBf)c;EiEttigSitft®«fe±.ftW^ftMffWM3tf^N- 


0 Phil. Trant. .ft 1773 ^ft 1774^. 

O JBi Oitwo/d' f AL^otfifter .No.52.4.j2^H'^£ftttSife£*De vihbus elecDiciUtu in moto 
musciilart CommenUrius** (ft Comment. Acad. Sdent. Bonon.«1791 
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nijM0.o 

^ 6<j«5fj sp^ w w M, ® tfi. M i ^, ii “ * ^ se ® flu ffe ;e 

{»;E W m «Ji l!g A its Sf ^ # ffi # Hfe W # A #I SIS ® ® i3 M o 

fifewi^i?iJe}T(voita)ttffeH«Siiitfe«^^Ta^r5iM. i^fraftteaii 

&tiWmi^^(Como)6<)A^BS^4fiff 7S¥M^a^ytm:S 1779 ^ 

lit^,Sfe*«^S3E(Pavia)A^aftT 25 ffeSgJi 

1775 fife^aiT® 

M#^«fflflaM.S-SSgS±:fr^KBf^A!li,ira^-SSSfc*>«M.SP 

A.^'eingitwisis]0&@fsfc:gjtaEM®ife. 

\79A^];xm\m 

1800 ^3^ 20 0 

O IBSatia^H^ X. Edm. Hoppe. Csdk. d. £{e«. . Lripiig. 1884. 


I.»V 


128.= 
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9t , S a ie ^'t’ffe 115 ^ T 4 «. ffe IE ^ S'l T % l@ W “ ^ 

(Couronne de lasses Crown of cups)o 

t^Mc W«aA¥iJ-'f^f:^a,«^aA£i!^-^^^S,a^fim 

-^^^^T4f&c 

/Ef4fl5aiW + «»f«l»±(Sir Anthony Cariisle)*']®. 5^20 .AiDE 

^ < M at .^ > ± ffi T a i'3? ^# a Ji a fT § B ^ fr 

aa 1791 1801 ¥*iK'&fltftte 

# 4> * a W ?g ® W St i a M 3£ # # 4^ * jS EH M * -fe 

141 ^teiftaMT)S#{^4T4f&c aaifeMiaiiBte 


P ¥ 

n6che)o *#4isaigs.fib« i7^H4gfc^&4TSjTEI?. m6¥,it^i3 


0 Phil. Tnuu. J800.405. 

SL Hoppe. Cock. d.EUet. .L^ipa^. 1884.132—139« 
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1700—1703 

is®6«n4a= nkMmT^m^^jEm^m^ri^o 

5^24^25 

looifcc iSiSM3E 

w»TJB-^affifi$fef^Ta#*iSo® 

S 1793—1801 

^& S ±. iil ® ft ^ :t rsi £E a sp S n i ^S'il 1 4^ W ^-t 3S # 


0 Rownberger, Getchiehe der Phytik .Pul. Q . .269. 

0 MUtheU. d. tUuUch. maih. Oo. » 1892; « H JQ. Poeke'i 

ZtUsehr. .V0I.VI..39—4U 

O Enul Robel. Oie Sirmn, Eui Beiirag air Enrwidtelimgf geiehiefiu der Akuetik , Berlm, 1891. 
Theil I. >5. 

0 Wi .7 10© Robison,’‘TempeniDent of the Scale of Mubk" Eneydppoedia An- 

Uinnica SB^lR'P :Tooiag Young. LeOwes on Nat. PhU. .London, 1807. V(4.1. ,378© 



n: 


19 itt: ^ 


W ^ BJ a &i) ^ ®, ffp j® [S] ^ T ^IJ m . 6P ffl * * tt !5l T 3t W A 4^ 

^To 17 ttt 

*a w 3t m A ip s i)c ffi£ * iik. ft «!i a ^ s 'f SE se ^ ^ s g fiD life 
a ^ iffi « fij a ^ ts ^ nfe Jip, m Ji A fn le y. fltr fw ¥ ft # w ^p St 

To Ain»m.ftii*i^^^:&^^3E^wtia^^T'rra«g^4^ftft 

tBft^^itMfe6<J«E,-S;ffiE?IATo 

ftftWSai^^l^it^saMfiliR^PmfifiT.tia^fta 100 


0 Paul H. Hayl> 7^ Fundamentd Cone^)U cf Phytia in the Ijght <^ Modem Discovery , Balti* 
more. 1926.28. 



19 ft ft / 109 


^ S A g!t ^ T Xt 4^ ^ W S * ;t B @£ tti Sfl T ^ M Sf 0^ as. A 

^S(KBnig8berg)&<im:^5W«to ffia%a3C8fe^ 

i9tH;ia^?I,^E^a^-ftt^^-)ft448M#^Ati,SfnK^^-T 
.fi^ffi^fft,^PS4.p5r^i^l?>¥l5.'^i^^fHIfSl^t■nc^fT= « 

* 19 tH:ta*^25 4IU^^r.Ma@fSt^#M®SElttfc©'^^mslIff^lls 
M 4' *St tfc 5ic tg ? I jg a If w a * o 


O ITudmonn * j »Neye Fol^, Vi)l.54,1895.2 t* scq. XHSlSft ft 09 

9(itt(ft the relation of rutUirai «denc€ to general edence, 4t^ 

Popular Uctures ,ini»l.by £. Alkiwon. London. 1873.7. ) "IR ft ^. 

Rudolph Virchow. 

'^Traiuition from the Philoeophic to the Scientific Age" Smithtonian Report. 1894.681—695« 

0 C. Wiedemann in Wietiemann't AAAa/tV(d.39« 1890«‘*Vonrofl’’. 


144 
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145 




* f- ifc 

gl£ m ® ft lU ® ^ . A ffl a ife ^ ^ ^ ^ i$ 

fgs.s?^'eA«ife?fa^t6sc5Afn3if'eMfSi?. 

# ^41^ ^ ® a Bf-S 5lj M * f^F 1? ffi 51^. ® Jtt:. I^ ^ ^ fi^) ^ 

tgisat#3siiffi«^isitfr«^'— 

3c« .MfoafamssfcM^M*swrsi 

i4W.^#fEaTOa®t»ji:^j&?)'t*'C.'<. ms.isTawriittipwmM 

(atom8)o 1811 ^fC“■&■?”(molecules int^grantes) 

molecules 6i6inentaire8)(ffefHSE 

(einfache Atoine)ftI“S^a'?”(nisaminengesetzle Atoine)&5^i§ t& 

&^tfc#fl<i<ft^^f^>M^@4^(Letters on 
Chemistry )4'.^ ft (Compound atoms or 

molecules) 1868 ¥ ,fkf:^f'»T^^®f^ 111 ^ 


(D V.Re^nault. Ccun ^^menl^irt de cAutue«P!tri«>l$59t5 Ed. «3. 

O Jufitus von Uebig r Chmiudte Briife, 4. Ed., 1859.132.224(1. Ed., 1844). 
(2^ Henry E. Roflcoe.izutwu in Ejonencory Cftcnudry. London. 1868.114. 
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.HiO-a-3-TM^SI^i^o’’^i^m 

i873<¥«^a^^J:fl^Slitt4>.;SS"I^T"M«i^T®ffl‘':JJ- 

—*^±,f&®ffl7seftM7t;®c 

4 ^ E # «1? &«) ft ffl. lit g - iK ?<] #1 a # ^ ^s ® ?!j 1(6 s a T a a ^ 

1848 1856 1857 * 

1860 ^®.IitSlitSMSi¥««®^Ao 

iS ff ^ ^ a 14 a 7^ M ffl j« M « H «■ :fi-fe :t 5R ?f i5^ ^ @1 a is a 


(D F. Soddy « The Imerpretalion cf Radium .4 . Ed.. New York. 1920.158 . 

O C.MnweU. rWr (/ //col .7.Ed. .1883.P.305.511.312(1.Ed. 1871}. 

O C. Mexw^ > Art., “ Atom*'. Eneyciap . Briianniea, 9di Edition. 

(S> Phii. Mag. .4.S..Vol.45.l873.329. 

<S> Po^«vnd<)#'i4fvwaim.Vd.99.l856.315. 

(S) R±.Vol. 100.1857.353e 
0 Phii. Mag. .Vol. 19.1860.22. 

0 iriedrmdAA'4/4nndim.V<d.24.1885.^ 

0 W . ‘niooMon > ** Vortex Atom’* > P roceed . Royal Soe. cf Edw6iirgA« Feb.«1867 { Popular Lee^ 
turn and Addressa «Vol.I.«1889.235—252. 
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^ ^ 16 fifj A ft }g ^ sE SE S - # fs itt fft ifi. ^ M ?» SIJ ® ^ IP] ± 

i,5feftft l91tt^@fe}fi3^^®Tifewa)t^^a!^^fei^E0JTa-^o ft 19 

wel,fSifn^tgx^$l^±WJ^L 

«ig M fflt ^ ^s fell % ge , % as w w IK ^ I ffl fq-*% is g) ife, - a 

iK:k 1 x 10 -’ 

1 X io-’ffi?|tf!|i X io-'*M^|e"®o SxtlS^ifeMft^jiW^^WIsmiNF 

i-'s K^^mo 

tf-J]aftmT;2:±"=® fife3Sii9i:^iF?£@9fe¥3CWE&^^1#iU 

it # 


* ift 

ft «ff ■ ® iU ft ft S ^ ^ # §P C Somersetshire ) fi^J 3H: ® ( Mil¬ 
verton ), IE fn ^ ii i% fife . B flb S T «« T “tft a A 6«I ^ 6«) ffiE 
^iAo ftflfeM^BtffeDC 


O ^ Kuhuf d^ Cegtmcart, Phytik, Beriin, 1915.2249 
® W.'nKKmon. Popuiar l^etuns and Addntttt .V<4. 1 . ,UMMion, 1S89.14S. 

($ FanMUy Uclure.ft N(Uur€.\6i. 

70,1904.15;0tfw*ld’d Uebber KAialyw,2.Ed. tLeipza^, 1911.25,26o 
<3) Wiedemann* $ AnAo^V0I.60.1897.311. 
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tg|gWife#ii“fflS»r®®M?l!tt"(Ck.ld8niith’9 Deserted ViIIage)o ftfe 

Messrs.l800^Mff![& 

^m^mm^ziKo i».i802¥w_iHi'j5^,flfef^T-^?'jWiii!= a 

(lectures on Natural Philosophy and the Mechanical Arts)^^^ 1807 

1801-1804 

MSA-i&o 

^ ^ ^ fi<l Bi ^ t liJ BE ft j£ W < a fiS ?^ > (Af icro^io) 4^. fi # l: 5IJ 

0J a ^ m M If * W :^r 5^, IE $a fife W A se - #. ;t f§S M ft ^ 


O MisetUaneous Works ef the Lair JTumas IW^.edited by Ceoige Peacock.London, 1855.Vol. 
1..157.1fi.JiJ,«170K, 

® jSJii:p:«-8^n«si3t«Bi±a9«a;fi9«&. €3ik.ne««±6<iisft»#4^eE^ 

e«5fe4€aiM«l.a}E-E»Sd«±W-— 

JiL G.Peacock. 4% Or. rouiv. 1855.149. 


149 
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^mm.mm^rmwT^}iEdinburgh nsflwmiv^±x^a 

^ f5i. ® ifl ® €ij fii) m iS. 4 :3fE s fn w iS * ^ 0 ^ lit ? h ffe & j® !s 
M.® # ;/j. # fq m 14 w if ?£ w s a a K5 3E fn ^ «nfe jia« s w 

ffi^JT-SEffe6f)I^Bfi61)isp^TfeEW^^aa7-S» 20^.fib 

.ftb-t5felf®i«»«MfeaAIIS:^ifn|5aria 

^,mmmnmMTi&&^m\.'’ 

|^@:p;itl^:S*«;^(Nonnandy)M^t¥'jft(Bn)glie). 

at ft fib a f S It. A ^ Bt fib;!-®i gs tb it 15 o ® ftb M # Ji ^ f # 1g o 

!'■ flb^f^#-#,^iS&li®i^-^A^#o ffiflb 13 ^Btfib.h7-^fB 

(Caen)W4'.i:'^eE.:Sl6^Btflb±7ES?&1)^-^fi?f;#K. fftiS±1?f 

l-UMflbX^7^8^&fji9cJ^XgM. ftb^-^faii 
0 fi<] «g i :t M , It a Jra A 7 S M * ®-fe i*. JE ^ f0 ^ (Elba) Is] a fif] 
MIR. ^m;&,ftb5f$75ffi= *Ka+Aa(aBt.0S:^f»5d7- 

I'SFfWXSHiFlplfito flbffi 1815 ^ff4&flbW^9^®F?E. fib® 1814 ^12 

¥WatiBli^.ftb^fefibM-ll^®mitMl:Sife®^^7ift#K(® 


0 Edinburgh ReUnc,fio. K . .6th ed.. V^. V. J03( youn^' i Works.I ., 193. 
O W±.I..215« 

0 Six Lectures on Ugfu . 2d. «d., New York, 1877. 51. 

0 F.An^. Biographies .2ii Serien* Botlon. 1859.176. 
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1815 ¥ 10 ^). iE^Ayt 

W iWc et ^n ^ I S ;<: |BI :a ^7 IK ? I ^p K))« i! 65 ^ ?t£ 

as. i8(r^W^ffi^«^.ftfe]iS?T7mit,M 

-^«E#.-hMfga^^Jif.sitt.«7r«««[^^mMja«ts:m>ffi 
fe#Aig^J]lii^M7*^^.ftfe&<jaifeo 4PS^S:flfefnMS^*E6^ 

ifp ^ ;f; - ^ ii:? r S 5R ffl 7 b: M m « 7 iS a. s ^ a 
W a :" :S ft M - M A iS «^ W # fiJ[ a I^ - ^EiJ ft« SI S P - ^ A 
W3tK)^a^M^W,aS7n^^3f£i)9f#«W5lcSHe6<)aSW?;fW 
SPftffi'El-UgllfiSWftM-j^^W^T-f^fflo"® 

#&<)m-^ifeS;W^&7apf4??@Eio 4-AA^MJi.ffefn;2:^7# 

A tg ^ ^ lit K S ft ^ 1# fjfc 5fe tZ 6^l fm M Ig. 3P iE ^ 5|E yi. iS S) 

7iil$PitfcA*MSilSa^^7®af:M^#.(^fltffeAAifeft0ii7 


0 0RI OEuvru compUus d' Augustin Frtsnd^ Pans, 1866.^114^» ^ tl^HK 1S24 1866) 

ffM#iro 

0 G.Peacock, Ufe <^ Thomas IWi^tUsndoo. 18SS. 167. 


152 
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1819 ^ 10 ^ 16 0 

^ n: “ 5t ir: *e SI s ^ A ® s :5':5i‘s it, a # ^ 

g W M iK 6 «I i^ ^ ife 3; 4^. S! 6 «l ife 3: fli ^ ife ;S W ^S igi M Ife 

Mo’’® 

i!])K#rl4o E^SiiWa^® 

fib^af^^^¥¥xswM»w.#SKa5fn 
ms (strassUrg) a ^f M X fB]. ftfe so T 0t |B] 3t£ M ¥ W K fe 

W^Xi^faiSMjesSo 

5ljffem@ffiMB^^Rffi(Rued’Enfer)Mfi^MA|50M«i.MtSi^^±tte 
^ SC, ^ H ($ ^E « # fir Jt ft. [ ;fc PH 6 tl ] ^ ^ - m T = ® fife £S S lil 
4A*C4>i5tf54^±Kt'$J^3lei¥ffa^^1^MSeiSo mfJTBfeh 

fflm<fc7Mo itt^h.5PSA».:^)S:H3fEMMm3fcf^s4W 36“AS*;k®, 

~#o h.^^amifesyTSEfttra^M-i-m^i-j^o 

aMA*»f¥^SaMtg;IS;t4>o I 811 

B^^I^«^M-#,®«A®lRl.a^“iS§^l«iJ05^±IIISllgMB^^"o ^ 
awBiss*i;tfeifea^»?FiiE«a^*ffl±M^*M#Mo gar 


0) Young's Works,\Qi, I .,378. 

0 ra±,Vol. I ..393» 

0 Young's Works . VoJ. fl . .593. 

0 Arab's Bu>^r<^4i«5 .2d Series, 1859.159. 

0 Inductive Sciencts ,^ew York. ISS8. Vol. D . .100 
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tfc ft ® |P1 ;br [^ ± ^flit +9 ^ it )t f? », m iK T «^ * ft ffl 5tt T e ip] W 

ffd-, i*. PH fit 5t^ ffi SE ^^^ w *st ^ t f= ft T S # ffl *S M iffi ^^ ft (M fit 

Ai^^^ifeB^,ftfesa*^.fttegft)!SMS^at^M-#jffi>^k;allt,(ife 
3; > W ^ - SP filfX J6 W IP S:? W « ? S W o" ® IP ffi ft :a T fSl ^ 

ifiaKW^f4;W«#^@fi^ftW^:#^&^!»IfitW 
fti8ii¥jesew= Mft5i^4M^fe^^iA&()igft«^#fS]aTifesaa 

^iiiPs:?s?E5i-ife)sn?T'e. ¥ftf&«5itt;eyiftas!!fi^ipiirf*iiw 

aSfJfiWfitSrlPSftfeft^^W 
»«.fifefnsai^isw©!fFtfciPS5W8P#i»ffM?^-&fifefnMS#g 
1®„ lfiIfitff#JnTS:i|^liMff?'J,aM'h%a^^afTTP[iitfcil!ii«f 

^,^iiSseTa^ictjfi^w%ft>f-.f0'Eisiii[##^t^o anc^a 
it fa ^ ^ ft fE-e/$ M ft # ft* ^ m M ^j-ef. 

ilift!lipTJI|gS.fiffeMftma|ftflfe?E^&«|IKft±. ft 1799 ft.ffegsijftfe 


O YouAg's Works,\6i, 1 ..383. 

0 Inductive Sciences , Vol. Q .«101. 

0 Proceedings cf the American Academy cf Arts and Sciences , ViJ. VI., 1862—1865.16 el seq. » 
** Jean Baptiste Biol**. 
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fe)#T(ST Edinburgh Philosophical JourruxDo 
ISO 1831 ^T^i£(Yotlc)#^T 

^ »r ^. g S T ^M:? ^n et ff e ^ 10: If tb T ® B W 

W ^ lit S i$ »f W. “ f&M S ^ ift M ± ^ # iSt Ji. Hfe tg ® 

^ * 

iSSsEts^TS^SMAo [fi:t.a#ai^jtiiM:frfe]«tn.M±w 

B3SS1MAW-1 ooo^i>cM^$o m 

Si^ffefnil.i^A0RlliJklilftPittgA 

655^$^^6^l^^4=^St£SEg|^WR^tMi»0^e^S«®^^SgS^l= 

<S7 fib3RMse«;L-¥-:a$-4^ 

*6o® 4l850^5^6H,flbi6]^^E^ffi-&TflbM^^fi1)i®?!j= fib^a 

teW?£aE#,<Hffi 1845—1849 ^:t[^M»il 


O J. Tyndall, Six £«cnires on ,2d ed., New York, 1877.49. 

<Z) Ph. Gilbert. /oucGiiir • sa tie a ten oeupre seient^igue . Bnixellee, 1879.32. 

O Delaunay."Eiaay on the Velocity of li^",5mtlA*oman /!^)ort.l864.l35—16So 
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d’A8sas)^&W^fflMa^TW,^f-aftfe:t 

1853 ¥Jiai65=® & issi 

^ilT-:^^feS:.ife^TMS5!^ll!l^«i^^f^^ll6^J|r«fi^]iiEWo® m 

ft 1849 

^ §tllit ^ m 6«) III Fi ifi ^ 3fe M S / [S] »f 14 M W Ji 3f£ g ^ 

|gffe(Suresne9)^Ht^^#S(Montmartre):t^iaff«o® f4«ife:SC^^ 
^ 1849 ^ WCJgS-X CompU, Rendu,)(m 29 # . ^ 90 S ) . 

30 #.1^551 H);tliI-¥ 


® Ph.Cilben.P] ±.Ma(2).32. 

Ts. ia4-3»a«H-a.jfffl-«g|}E'e 

«(the Pantheon), —t 28 ^ J£« W*)i«-« 67 * tfc , 1.4 * Jit fi« »« g «» M o ffiAW 

g«T*d:o i835¥Wtftii»!e^-hattfM. a'S9«j;a*wiiM« 

r. l»8tI|ISI&)0indg>e-£«fift‘SnEB^#a'(Acc«lenuadelCiiDento)»Bfm, I^Td^ 

Rji&MSSffl .#E.AafSl —4'#l^aa j”]®. Ph. Cilben, Um FoueauU . la tie €t toti oemre td- 

ewifi?ii*,Bmxeu«.i879.55.iH*,fi#tt«siiita^a^*AfJAaa rtweB, 
«aa*4sijA4-A»-#«ii8i¥aa»^a?'je.Ph.Gilbert.^s<D.i3e 

0 Nature « Vol .54.1 S96.523: P . lArouMe t Grand Dietionnaire Urtwersel . 

(S> Ph. Gilbert en&0.36, 


\5H 
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^ ^ iH S ^fe it W :)5-^ ® E S? M14 4’^ a (comu) ^n ^ a 6«) fi is m • 

I874^,$4i5^^4^ 

23 =P?|tiffiWHfe:^ro®T i882 

M6^iR!l:.®<kl^iiE^T®3tWit®y:a;?tWft i.8%o 
iE@S14fiSS!]fl^SIWo Wmgil^FlISe 

fti M ; lit i-f-, S s;at ;fl ^ H fe «ja T !fe ^ « W it ffl. ii iiE ^ 

I867 ^jp04«^^5;^6f| 
a ?4!is a iX « # ^ IS.-e ^ fg f# T ;i: ra ^ ^ iS M 

fflo i5^:5a(4T 1852 ^)T 1878 Annapolis 

# K M 3G ^ ^ ftl! T 4J] ^ g&=®2 000 n tE M Jfl ii: ® tg m §1 ^ 

3to I879 ^fti0f)= fta^4i5Mfll*;3:T,iS3£i:atT 1882 

ji«$#i:/j'7,iiii!t^fgm5iM*T3iEo 

'^'' mfiPi'j20?ie),^fa.ailMl3t£W»W<4^HW0.7«?|to Si5?£:?ateft 

i4TWi6^«4’]iS133 
*£M&!J200Wo 

« 1879 ^ 3 ^ .uss^^^ieisc 5 000 

5T5fi^^|gftiggpS(Fort Meyer)» 


0 Comptm i?0n<^.VoJ.S5.1862.SOl,792. 

O Am.Jour.efSciO).yo\M.mA996, 

0 /4nnaia de f * Ob$entoire de Pans Af^mptre* , Vol. 13.1876. 

0 PhxUa. TVoru. .Part 1. .1882. 

0 A. A. MicheUon, A$tr. Papers fiyr the Am. Ephem. and Nant. Almanac , Vd. D .. Pan IV ., 
237.1885. 

0 Joseph Lovefiiig, * Address on Presentabcm of Runford Medal to Prof. A. A. Michelton.** in 
Am. Acad. <f Arts and Science, fiew S^tt. Vd. 16.1888—1889.384. t St T A'f 

«»o 
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2 550.95 

3 721.21 mo isso^^ic^a 

* i880^s5t?f4&)iasf,?f-s;m^sj i882 ^^ 

504276 a,353£^afcM*T \4om,m^ 

mmmt.r 88a=® 

i-:^ “ T ?tt / #" :;^ M &<) s s 4^ ii M as»t£ ^ : 1849 ^ IP ^ # 

?IJWft315 000;1862 298 000;1874 Wft 

298 500;1878 300 400;1880—1881 

»T^filJM* 301 382;a 1879 W;i 299 910;^ 1882 ^ 

i55£43fc^#SJWJt 299 853;I882 299 860(Rffiffly. 

299 8lo(^ST0f'tWi{Ei»l^ 

^)o® 

1926^,fttei^a^#M^®;g#^t299 796 4"^|t, SI'StiE 
tkftiges 1924^MS^W«^!f«;£^I''24=P^|t.tfca^4S^& 1885 ^ 

1900as^£^1*' 104 T|t 

l54=P^^t,®i5^^:?aM«^6l:i«^^KabUJ^#5JW.'E 

4^fil:S 6<J #«[:t-. ma'£a ^ifeSfc ft M ira *^ W life a ±. ffi 


0 ^ S. Newcomb. Astr . Papen for the Am . Ephen. and Naut. Aim . , Vol. 01 . * Put. !D > • 

ISd5o 

O PreM.TWr^^i^.Chap.xa.E^^d^^^:^ 

^ A ^ ^ W R. T. Glazebrook. *" Report on Opdcil 'niearie* > ** in Report <f Britiih .4r»oc>Q/twl885, M 9 
iE Nature« VoJ. 48.473^477; Humphrey Uoy4« Report on the P rogi ew and Present State id Physical 
Optics in Report q( British Assceiation «1834e 

G A. A. MichelemiScience . V^.60« 1924.392: AaCrc^ynoxl youmol >V(4.6S. 1927.1. 


IM 
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1753 27 55^0 4 1748—1749 ^S?fH].fteiit&fit 

m ^ *6 4> s l^ m T & # ® ^ ji ffl f^ w la tt; m It 1^ 0=t ^ 

,^it\tHitmmit^s^ .;*;;*;iifeMiiS 

life M fe 6<) W « 6^) H JtS S - # * W fid $ BI ®T ^ « 6<) A, # a -e 

sy 4IJ jfi 6^) ^ M fe M A M a at ^ Ji m 6<) ifp * £ " ii “ 0.^ ?E Btl 

m r& 1785 ^^s^E;lcIlg^-^M»^s5fei(^u-lsvpit®^u^'^,mf«m5fe* 

se ft ^i}: ;t “ ffr B£ it m " ( Swan spec- 
tram)-^^^gftffr6^fi&i^•9rBEft 1856 

I^fn5t^i^;fcp0itmss^fi5£s»:^ft«. SEJi£»T$fi§SiJTi:ram 
^. fib 4; its 5ij T ft fiij ® ^ w it ^ w s m ^. m . fife (if X a w 
aiM^W-i^ffa^fftfiiiUCTo i802^ftb#sijT 7^iS^.«^*mil 
M5i^3ti»gi«ftfey.i^*itmw4%fi5#-feMSf«^#^fti?^o® fife 


(D «¥*^«*TaE11^»&±»*T«8|jfeX.-Elnf= 1766^**ffi Physical end 
Idmxrj Etiayi .ft-Wt&f Journal the R, Aetr. Soe. ^ Comuici. Vol. 8.1914.231—2729 
® Philotophical Trantaaiona .l/omion, Vol.7S. I78S. 190. 

® lfiK«®°J«t1=«^W*-&W»W.«tfS»SiJ fii:««%:*Wi¥tK(«ffl».. flb« 
W r 4116 (Camera lucida) ft # ii; 8 (Ciyofrfxmia); ffi J® JB T C W16 ; 

)(Ft«i«±«a*«r«xt«iriaff-i)i:«fra9 ffe*:‘«»aTAK3t«4>9!i-fc*8feB.s 

Hi[fcS»«lft»S>IT-Elfl9 «fiP*-f:fi*¥M- 

ett.#aiiE^,«ini6«±«i^^;*tttfi.«AiB.iaa,sss«EWfia«^i-, ditumm 
w±8&rs-4-a««ffiifrfiM'h««.aftASftas»«8aitm««««,A«fta 

^8Affi^8^7c89 Martha Som., Penonal Reeoileetiont of Mary Somervilie , 

Boston, lS74.133o 
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9ea9T^yi:“.-^a?t^s^fl^^^o^i‘flKWM 

mm . 

S6:5i-^ la ii( - $ W 91 Bft S W ja. M. ffl fa ii W «HR « ffi iS ;<: fr 

fib Ji - ^ I? 6^ 5^ X M J L ^. aj ¥ at ?f ^ f&ie ^ &f] «R ^Ik ad 
*Xfib® S']® WWBgKft 15 . fibula 1^9 ifiS£^W;E;( Benedikt- 
beuem)ttfit ^ ?8 ( Utzschneider) 3t^5F^@T^#SIJT — 

^ i8i8^.fibft»ia^®f^0f,iit^^x.ia^®fiz9fifc{fiji^j»E 

Ao® 

if. "*Xfib*ifSBaWffl«aTM:^rS.S*b:(iiaS!l3S^Wi»lftiX 
1811 ¥Ii^^.a*xftbw^®■^tffi«x^^6t^ta^5^,fibfit^^^s 
WEta:MAeMffiA:^&fi«5.WsS«;1^SiJ**XfibM«9lit»^# 
igmW7drfeMS^,fibffi^ffi^^?llfilT-^:^©f«jIK.#afibiE 

4 ^ X iH S « «5(t iib Si M 5f It 4s W fie a it s? ® 

fe m iS ^ at. A m fP ¥? fH fi*E itb S se 7 - # «■ ?fe it W ffi ^ fe M ^, 

ft?*iTfnt-Sg*T3tX.¥^E±.ffi@fWWAitX.fib '<'-' 

#15 # sij a fit iffl w, « w ffl ^ “ fit a fib [^ - fife ^r tti se. s lit )it X 

‘i!!l^ifflt$’X:5tWffl”. fifeflS-m^le^SE^MA^fifilt&Wffi^Be 
mtn3»ia-i^tiimAP0^to fiby^rfi^^&MffiAPB^itXKa^tsw 
ss T A »fit 5fi M « m SI w g s: M ^, «t M,-e in tfc e a « X «fib fip 


O Fhiios. rww. ,1802.378. 

0 Roaenberger. ^ 15 IQ . .189o 

0 E. Lommel Gesammtiu Sch/ifi^ » p. M , Munchen. 

I 8880 
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^_B. y./ti 7 ^ M ^ 6<) ^ ^ ;fc K m ^ = ® 

0.04—0.6 4>Ka» ^fe«ftlf^|!SA«.0.052 8—0.686 6*?|to fife 
iST 10 D 0.000 588 2— 

0.000 589 7 «?|£M-flm®,K-^l^tt:^0.000 588 8«?te, SP^JSJff] 

1823 

0.003 3 ^0.016 0«?|£ft(JM7'^ai^fe® 
1814^Wife^C^^^^3;fiP^#flJ^iik,ffeft^I 1821 1823 ^ 

(Berthollet-ProustA ig » Jfe ^ Mff ¥ 3C 

4ifi40^4'^e^#SJ^i|6^)Bff, flbSS3lSli^'fi'?fAPH^TS“A 

m ^0 Sf" ^ « s « w « *t. ftb s e ifi, 7 ; IE B.9 w s ?t it ^ # 

1827 ¥fifibW<ife^>Sf^ + SttSIJTa^(S]@. )g»ril« 1835 

^WBg^.||^K7AP0?t«o”® *^SAI&m,35aWW?£#SW?^ 


0 ScAn^en, f^Jl Sd(3)«lOo ^ I € SI iP «" Bcstiinisung des Brcchuji^ - und ^ies 

F«rbenxcrelpeuiing»-Vennogen* venchiedener Clwlm. in B«su^ «uf die VervollltMimuiung nchromatis- 
cher Femrthre" ,|?J® ^ Dmhcfirifim der MUnchet^ Aisad. , Butd V., 1814—1815^ 

0 G. W. A. KnhlbAum, Au» der Vor^tehudtte det SpeetrclanalYse , B*»e), 1888.12. 

0 iSL Fraunhofer. Newe ModifU<aiot^ da Ue/ua . 1821 slfeS. Louie Bell. "The Abeolute W«ve - 
Length of Light” in Phiics . 4fagasne(5).Vol.25,1888.245e 
0 G.W.A.Kahlbaum.n^(2).18« 
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#^±,i¥^6<)m^>SilftTi@iS.mm{4^;i=F'S‘tftfl<J,^# 
m ^ tit Itt M til S )^^ ® ^ W ife : H SS SE« W ® tt «E ^ 

iEMtb^^«;fclsa^tfn*JtI^a4^|]aT^?fe^4’o 
^ 16 In Sf M f= ± ^ tl * Eb ^ 3t ^ M ;fc ra fiti ^ @f ite, ® S , 
iS » # W IE el S W m SJ 0J « W = 

a71gS^WtW:«rS.S l839 ^5e3STSffl^I^fl«6^l“i^M^I^B8+afe^ 
^ fifj H ® ifl i BP ffl T a 7-^ « W ^, fi ;i m ^ ffl ■£ 3(6 ^ A 
flS406DA. . ^±ai&", 

1840 , 1842 

fife IS T A m W «! gg. {Z iX ;L^ til g. B 61) lil« «■ JH S tt ill m # T 
^1tI6D5i£ifco *l843 ^.!»feS6<]ieBiSr15r6D^«!fiPSt55;^tSi^li 

ilfeilZ^-Ta^^]1?6D®F^#6D-i. 

Helen), 

ii^o fife* 1833 ^iijiiSo fife*^4^a)eiEAf^#^E^iu;&,ffiE 

j$fi^^)g3E4H61)a#^-0l8)B^K(Hainpden - Sidney College)fiU-ffc 

fiJfife»**#61J^7o ^¥Afifett*»ifiM^^6D#SSgSHiiP^6fill»T 

5iM(Hastings - on - the - Hudson)fi1)^® iPSfil?!®* 


O G. Kirchhoff, “Zur Gcschichie der SpectreUnAlyM ,** GaammeU* Abhondlungvn , Leiptig, 

1882.62i—641:Roeenberger.^ 15 ID . «313« 

(Z^ Am. Jour, cf Seienet (3 ) • Vt^. 23, 1882. 163: tfe 9L Nat . Acad . of Stience^ , Biographical 
Memoin^y/rJi. Q .,1886.35U 
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I6K 


t# m ^ ife: S M ® ili SI 525 <?: , 0f =S W @ ® W ^ Sg &«J ® If 
^ i® * e iR &^ (BP a jtft) 525‘c m T fft s It iii ;f 51 a ^S il« 

?!-lU SJ 5251: U;! ± flt. a §1 ^ ®f Jfe ig ira T S :*: M bt Jf It ^4 ^^ 

@ ^ m :t a §16«).^ ^ Jfe m. <0 3i bt M ^ BJ ^ 

0KlS§l5fem M *S, K‘f le Ira T «[ :& iJcig fit) ife W ^ ^ 

13 ¥ ly ^, IS ^I^ ® ^ w. a ife # « 4> 3fi * ife Ji ^ 18 n sa w IE ?i ^ 
ife. fifa * ^ 0 ti 65 ® 1^ |g M jfe It ^ IS liit ^ ;t rs] w a s w= 

i854 ^®i^fi£^«]i!§(;s3f£x^mffli;pi#)]t*o 

S ^I^« ^ SI ;t fill It ^ 65 i¥ ^ ift ^ la a -# # 

^At^iUetSF^E.® 

»«* a ± S It ;E # JW S (Kanigsbe.*). ffifiK ffi tt: 65 US Bt i# 
^.til®Xji^S»f^(Bre8lau)65^B1irft«S.I854 
(Heidelberg)651lrtt8fci§,1875 ^m;5^Tffi#e58fttg. 
^5^e5Btll*ftfe*?SI6t^SS«iS65 20 ^,*5iPMFlfe®^A65-ffc^ 

« 1859—1862 ^11^,aM^ffiA65W^^- 
a-f^aT^i9^i-lfr65ffiA^S(l. iSpBt.)®«t^S65tia?ei&^^N7!tfli 
th.-etfESfi 150^I565«:^"A®"65^^M. a^fflt#S:^65«f?E 

« 1855 ¥.ftfetnte3g3t'^J$:=^aTA«!S.® 

»!?FS^«il^T-#:ftWffla»Se5^S^te5'^<^A<S.ftaA*gM 


O Phiios . Magaant .M^y, lS47s J. W. Onper' $ Saentifk Memorii , New York,!878,**Memoir 
I. . tk iS» J. W. Draper, ** Early Contributiona to Spectrum Pbotonraphy and Photo - Chemutiy" , Naiuft . 
Vol. X .,1874* 

O #R] KahlbaumtiS] 124 • Kirchboff,"Zur Geachkbte der SpeetraJanalyae”o 

O ;Vanire,Vol.23.l8SL597, 

0 Georg Quiscke, C«$ch. d. Phyjik. InttituU. d. Vnw. Htiddberg , Heidelberg, 1885.16. 

^ Poggendotff* $ Anj\aUn ,G.84—86i Hoeenberger,H 15 ^^(P. ID . ,484» 
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^ its 0^, ^ =^ 0 fe W ^ ^ S « i§ SIJ iin lit; ® *. lit a R S ^ #g Js ® 
a ± & ^ &<i ^ 0^, Bi gi ft # ^ g^ M iu ai. ^ ^ ^s St & a «■ it 

^ E T & ^ fg 4^ 7 fi 1^ ite :&■ ?^ i W ^ M SP * ti ® * *!! stft 65 ;k P0 -*1 

TCa o 

ismfa®f?E^{iaiT«l4^±0lie5^7itTS+65^^^iitf^ 

ffliti»Ssa7ifiJ5^3£#$S9 
{Darkheim)e5rm*4^65W#0^«ffiia4'^ifef&iP^m= y.'Efn® 
\k‘mmmm.ni£Lm.,&mn^^Wi^‘§(!i&%'‘^”n'‘<^’\ f^^^ii&^± 

65;afflPJ«T»i!FSA-4'Ao »ia^«A^A«W«^650#:tS!J 
04ft65= ^!«®3^yi:® ‘‘«f^±.-e:^r-**^£iiw*4^;Le5»Bi^. 
-£5t4SjKI4#65#7-^i-iSPfl«i«65Sgtto ;L4^aWSfife65^Se 
«■£ ap #, ® 7 A fn 65 *» M « «l5ll 7 A fn 65 St«:^J. H ::^ ■£ IP 
ap^x4*afn5iEM^Ajffijiai±7ffigt65tft#o’’^7a-jS.*;5^® 
A^?lfWSiJfraT65ite»:®“A««»gejiSffl;a^7APB4'#®#^7 
S^I^®@ttiafTW^o «^nSA65^B(iA!iifa4'^^ft7^Fife: 
‘$PM*!i^tBfeAraA65^7*T5f£,?a*fi-AS^-6All0±65^7 

sfei^^«***&ftfe65^iijAWB4.f&s#5g 
#,#i#i:‘#i!f! ai^T®?5Hb-AAPBapM®lTT-®^7c”’ 
ae fn e ^ a. ft —t* 5F ^ S A 65 ^ ;f-. ft 4= ?F ®J, M 


Q "Uebcr <lie Fraunh^enchen Uiucn" * in MonalsberKfue d. Akod~ d . Wiuerwdi. ai Berlin ,Oc' 
tober,1859.662. 

0 "A Memoir nf Guotav Robert Kiiehboff." Deuisd^ Ru/ubcAou. Felxiiaiy 1888. Vol. 14. 
232—245ii$iCft1^ SmitWiian «q>ort,l889.527—540, 

O SmiiAronion ArporT . 1889.537. 


169 
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H @ W^ ^ fn in it ffi ift ifi ^# S] T »S A W ^ ife. lU S Tl-a 5}E 
^¥4#tt5fe^Sif5ISWfiife= 

^iiSI,y.i^(SW*^FffiA)WBTSg^#^fei^F«SPB^^6.B^S^iI■eT=" 
0 *. ffi fr T S 3? Ki S Sill W W S!! fil ^ iR *■ ® (Ji ^f^i S S ^ S A W ^ 
±^mc 

W - # T ffl; 5fe tz M ± 3K * 1« 1^ ^ Sii #F &!i ^ m »f • w. A. ?|t 

SE,BP«#WfeAig5tt'£fnSe&«lfe^fc:t^SBJM="®4*^PffiA 
1859 ¥ W ife a ^ ® ^ A. IR «• se is at (Bp ® ?(£ 6<l ?f iTs ^ 8ii!») ts iil 
T ^ -1'± 5t£, f& 1« [Si T tt; 5fe Cl ® in T SiJ ^ ^ ^ 3E ^ K fi«) »r ft 3E 

i849 ^),&-i>:^igilS^,S1#lS 

D^wnrcfit«= sitt.wffiAJS'Cs^ 

ffl -*1W i* @ S a W a H m [S], ife It i(i, WK ift ?le g t& iif Ji 1?^ 14 
6D^iiSW^^?|-i«5'^gaWia«W1*[Sj= Sit.*A|i0ra®B<JA-*l'C 

tt fin 1^ sij ^ a w^ sp # ?fe ik A PB s It ai 3te IS nit ;f it-e S' 

til T'E, ‘ ^n-e - it. fS .& Ji t& £it. A PH « fi S &f) tt ^^ jfi 31 il ®f ^ 
lfe±WtlSl5CW?£M.iS^ia±M^®«AXAiSMitTt«C’StilM 
BJ ^ nt fid T A P0 tn fi M i@ W IS ^ o" Sr ft Jfi a a »tut Hfe S ^ T in 
T®i^tt5feCiWiS:“S^aWSAItaa^SdS1^SA61)-^®6DS 


0 W. Voigt» Zum CedHehotiss von G. Kirchheff, GMdngen. 1888.9. 

0 Crookes in Chemical New , Msy ]8« 1862: Philot. Magaane(4) • Vol .25»1863.261. 
0 PAOm. 3fogasV(4).Vol.25 J863.261. 

0 L*/n«^u(e. Feb.7.1849.45. 
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1862 til, 

fife^p#ft^saTa.3awsiEW«gwMtt^ 

1868 ^ T St.«,« M ^ i» ft «■ a 3£ W't^ $ @1 ^ I^ ;'J M $ 

^ft^SR 

:*: &fi n «= t M Bt ^. it a # a 3?; ilR Sit * W * ffi 1^ «:*:. ® J« ^ ^ ^ 
mm. sitt,^^rty.i^,ft#a3K^'t+^ffffi;^jmmsMe!t®ifii >^- 

SIS 1$ a S !t^ ig M a # ic.». U 3^ ^ ® S ?!■ Si ^ ^ 

mstBUft i873 ^ 

1874 distil 

l^ft 1879 ^® lttTSaM^iS5e^,iiE0Jft®Si^i«r$^tflt^3tit^ 

teifeiiEft)W1¥a^*3eBt;fWSmS;|pM^J-^5)- 
mwaifeo ?S^flPH«?JT^3t«(«^5Pl5)|5i#S«f|-S6<j$ffco 


O A'(ilure.Vcil.l3.IS7S.IS9. 

(Z) Poggeruiofff* 1 Annaien, Vol. 135.497. 

Q Rechenhes sur U Spectre Soloire . UpuU, 1868. JE Ro«enherger« PI IS S£(I)« 111 . .701c 
<3) #RI J.N.Lockyer. Studia in Speetrvn Analytit .New Yoric. 1893.Chap. M o 
(S) F.Roaeiiberser.PS 15 R. i . .706. #» 1880 ^ffiEir<Swasa«)«iSt±**^7^ 
Vt Robert of Brit. Au. .1880$M¥iE yV<Wtf«. Vol .22.522, 
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^ ftfe a * 7 ffi « a : iE iin « ^ it ^ ^ w ^ 

'’’ ISSASHSfnSttft i89O¥JFteM-^>?'Jif^t*0J.i^^7C 

3l7C*0')iti@4'W^^.o ^fA-«S®il.ftaitit4>#SW^jh- 

W A ^ ^ ^ M « 0^, UC ^ a T bT ii ii Ji S. ^# iij W ^ i^ tS ife. S ^ fS 

^ ^# ?!] 6<J a ife Ji. §1 it it ji ^E fft ffi T1^ ^-t M it it ^ ^ M 

fiaw.®i895 r 

ifefE^a*sij»^=p^^^i^fifeinittT-#3cgs.s^3e 
i& iiE 0.^, ^ ^ «sc iig ® fi^l A£E It ira B^. ^ « a M it it M it ^ 0j 
Mife®[fiia;sa^^o iifn^#«i«i3t6<)KjSiJffi7®-W4fll^JiI^- 

»(Zeeman)ft 1896 ¥m«f« T ,'£110^ TitSiSiti 

a 1862 ¥,&J2m^«Tit!cft-1"iKi+M©r0TKA^g 

2 ira Iff A # W S at: ffl fife M *fr W isfr ^ 5J-it ts. ^ ^ a Ife a S a ^ 

fiajftp,“^aM4>Sfijffilt0^M^WititW;iHfiM" = 
5)-ittfe?FfeSErgHfel$fflfyAf^Mft^:5J-tf4>,® fB'EXW-# 


O) L>ckyer.ra±Ktt(D.189e 

(Z) W.Hugpiu. Inau^n] Afldicsa, Natun, Vo).44,1$91.373. 

(3) Astrryphys. Jour. . Vo). ID ., 1$96.114—137; Johns Hopkins (/mo. Circular,No. 130; Nature , 
Vol.56,l$97.4l5,46l. 

(3) P.Aeeoiut,/^. Mo^. . V<d.43.226—239; AToiurv. Vol. 55. 192 , 347, # R] O. Lodge, 
£2ectncuw (London), Vol. 38.568,643» 

(S> ,#n A.M.CIoie, History ef Astronomy during the Nineteenth Centu¬ 
ry. Smiduoniu) MiBcellaneous C<4Jections, Vd.32.18889 
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[S] fn ^ fn s ^ 1 ^ ffi s. M sft * ffi fn ¥ a M A ^ ip 

(saizbuiB)w^ff«i*5tffi^'^:^®w^a?tEWc ^i&sE^mmmm 

ffeft 1842 

#^B!#^{^+a»tTSSL«#Kl5tS*E^M$^fc= 1845 
(Utrecht)WM^'H5fe^KMKi£lt«»T - 

fn Bff ill A ^ ^ ifi ^ fl(j n ffl iS9 tfc ^ M Si. M S ■£: S5 ff ^ M fit 

m-EJS#ttaM-#.a^^Si£:ji^i^&^)= |SiainWi£WS^$#® 
S ^ «|S] ?Sf ^1'K I6] m m ^ ^ - ;Si. K ^ a; ^ ^ S ^ i*l 65. ^ ^ 

M IE * g jfi W S14^ 65 a g| IB ^ 9& ^ 4^ a W 65 ap ^ m ^ ffl tfc . iP 
A.fr#*IB#!S^'h^riS]^^.ffiig#^@^65o 
/h.titBcffiai+aflEtt««^iiS^65iS'8S:tsir.aTi4^¥«i5aw 
A^ae-e. |?S65AS:^^B&AWrll±7 1868 ^ftaffi«65X4^:Sr 

ffif^aTt€'J1465®lK= 1871 ^,iSg^ffl(PoUdam)e5^S^ft^l^(1841- 

i9O7)ieseT^7AP0$?^ffi4ise5ii#^^?E(c6do vj,m^^mw.M 
^afia551fe:SM5J-^fit4:65i5^±,^aM4a^ft!5^.f»&i«65^3£#> 
flIi£AA^65*«l(Keeler)5?A®ffl?JSaeiCZMe5X4^Ao 
Jfe aft 65 S ® iK a iS im »40 itP Jtt; j£, lU M X @ a ffl a fn 65 * A 5)- 
^65MSfii(!ftie'£fnB4,'£in{i}a4#^ft:ia7-65a-i#= i895 ¥.» 
igb 40 SI T ± M 65 Jp ^ ^ Ji - ^ M ^ 6516 65 m «il |g, S A * if 65 

12y^eM,^fD^^P65^1'i^I^#^5t^^ 10 

5:^65 w.w.:^ljl^l^4talJXSlitti^ffi^#«]^sa;aifflSJfia^A[^65 
S4^M^X.^a^aft^l^3feit^M65a44^lit^N65;^$ffi^^tM 
§5o S't'^Tfe«*^Ea{Albany)654ilgaAX^651«»T>llltlIiA:S: 


0 a r,?o^t,Zeusdi.f. d. Phytik. u. 

Chem.Vnterriehl. V(d.9.1S96.248« 


175 
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*M5tWo 

mm}^. ffi^Ig^[I^^^U^.i&||fi^m3EMfS«^^mS^^8(G^eif8wald) 
W^^^XSmitM^I^^^(1806-1881)5t^f!|ig}fe^i&^Jfi7p^^T«l?6^)^^[ 

1868 ¥SffeM<^^*:ra^fei»W®F?E>(R«/t«rc/«^ 
wfcSp«:£nrSofai«r)4’S^T-51£i£:WJtESE^ttS:fe«ft(liS-K:^o ^JfW 

l907 ^.ia^i^fi^ftE«#^TWSl^i:l!B^^ 

6<)^iJi±ffl£m*Ff^jic;^T 15*10,760 
^ 6 438*469 6 ° E^***^^ 

i* M M W1^ ?t t» ^J g| jbr S f&;:^ - W-IR ik ® « «ife ^ 

^^^0 i*.flblM®.IISfti[f±jT*(!f«^«l. ^ 1863 ^ 

w tr fp ^ §E ^ a S'J ife fS] ff J6 K). ifff a I'«fli} 0 g X ffi ss« fi SE IS M :&■ 


0 Louie Bell, “The Absolute Wave-Length of U^t". Phi/. Afo^. (5) .Vol. 25,1888.245. 
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mm. ««ff^fettaE:fc^W#^!!&^JSJ^L,fteS i867 ^XS^i£T-llg 

* 1875 

g g ?g ^ ® IE f] US 5i-^ ^ ^ ffl M ffi 3t fli ^ T «, M M 

ffi iS77 

SfiJ it 3tail:)5r ®. ^ <e ■ S « ^ m :fc^ W ^ M T m ^ & ia, 
ffe6i|a**m5t«^SS^S«ac^^ig!«(Waltham)Jft7br6<)^i*!»f^t 

W.® MT-^^6:^M<;fcra^tiS»»S>.:fe-K®aT 35 ^Ro & 
1888 ^^ERMo 1895—1897 

it &<j, m t E ifi W W «. L. JH fn «fife A ffl t jE ^ t M 7 {St M 7^ ^ 

ff^HfeiH^T D, 

5 896.156A:B&1^Sft 1909 5 895.932A;iS:®:?5tt 


0 B. A. Could. Nat. Mead. of Srwnos , hia^taphcai Momoin «Vo). 3.428. 

® >**Ruling Machines.** in JoAwoo* j Vnieenal Cytiopi O'iodiao 

<S> 4m. your. Sd.(3),Vo). 18.1879.51. 

0 Proe. Am. Atad. of Ant and Set. . New Sene»« Vol. Q . .1883—1884.482. 

<S) .^Screw^.ft Encyelop(o)odia BrUennka . 9th edo 

$) Appldon*! Pop. Set. Month., Vol.49. 

1896.110—I20e 


17H 
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# m ± # ilE , ;fc ffi St # # R PS ^ y. a SiJ ^ ifi. gf 

l8OO^^gS>T;t:P0tfia^hit= 

^ ffl 4fc w; # s>i * I® - j* ^. laij ^ a?)-fr & a a St Bi ;3: M 3tE 

r." fit w 51J A PH W Ji Ea K M S It S # ^n Jf It ^ a«) “ It ^ ? I :a a<I o 
fes 1807 ^6g(wm)+iSL:“at-^egns^StiA.3^jia4^tsi0ttt little 

* ¥ ^ ^ tS lit , tk S W # J*L # «iln 0f K W fit ¥ ^® S 5tE ® 1^5 

mfijs^^MatitfitSH^^o a^i6TiraiikSEfitw?£#,i^— 
JtafitA-#,-tfeffiT^igc MfiWSfJ*Sltjlft^fiSt;2:rHt6t^fWtt = 
f[feiii:"i|SA,fSifn«RitfitjEft®iffi«)^®S[;lti-A?fi? 'eSE^^lSt.X 
gStUA:S^,5t^l^mTJt^fitl£#!®«fitfiS[i)lttn%iilt= {aft.Stft 
Ai?*ifiT^^afit^S“«? wst®w= 'EH^iiJijiifflfit$'*^m 
B =" ia #. # i^ fit it K fit 3tft » fiit If fife y. |£ @ T St it fit ^ SL St 

fp^i-fits^iifi. ®S.m9rW#SWtSSiJ?¥l^flfe&tA.Sj^lKm^± 
e fs iE 0 ^ & SiS ^ $ ih fit ts It ?? tt 4 IE SS ffi T fit ^fit A M fS. 
Ma.^^CRmer)fq^tiWr'@iSl5eT«^hK=F^ja.&tft^lt^o® « 
1811 ¥.-^^gfit^feSA^#i^Elg,4l^3^^4®6tm'^ffl3^6tStM 
+, m^ IS ^ fit H: ^ te II - ^ s/h. M a fife :$ f^ ai T s It jRi ^ ^ 
1 ^ 111 a fit 4S ife. ® # i® ^5t St iiE w T" S It ^ 1 ^ fit ^ Sr It f4 "o 

fSMfJttttm® ?FS&flfefitW^;tBII.^Tffllt^ftfitaiifif)iaW 
i«o stifitaM. fsi^M¥-«*^Btftst^5eiii!<t^#tfittft^o fife“ji- 
t"A^at%a#^”,y.^s^tk^sfctfteWS^a^o fifes 


(D Phil. 7><W- ,1880.255. 

® RoMnber^er.n 15 jK^O, ID . ,67o 

(3) S. P. Lan^ey, Addnu bdbn A. A. A. 5. * 1888.14. 

(D «f]aM¥'«ffi»(R<»enberBer)SBM5l*Wa«R», «B(M«ie)«ft»» 
{Uroutte)i&!£W4¥1801 —1853 
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(Parma):fc^S[gT7^o 

ft 1837 ^,fifeISfti^0S!!flfeMfia, 1839 ¥ftfeft ^ BS^jaST 
;F®]mitt(Naples)6«l£?^^P®^M^$ttMtt-^ = ® ai^Mft 1850^^ 

T — Thenruxhrdse, ou la coloration 

fte ft'^ 0t ^ g ^ffE 65 iKt ¥, i-:^ T M ? IA * « 4> ft<i - SIS ^: 

a. se . ft K ® :t @i ^ nb St ^. - j[ ffi iij --t/j Mil ® ±, a a # ^ ft sp 

#^e65i«Vo”® 

55 TI5S ffi ft if ^ W ia M.»I? ft S Jjp ffi a 65 til §8 3f£ ft iS 

5^65ta«it. af¥65-#tSlSI»::;5®^]a::te^®(ihermomuUiplier)^ 

®^ aIfl(thennopile).-e =i * W ^ ffe gt 65 «S «tk W ai+65. ft * m 

lSt^lEft'B^«lltfegi#i»5^.^^a»ftteAiA.iRfiJ65^ 

* ~ j6^ IE !Nf f'1S iffl 65. ap ffi ft ^ ft ^ a 65 ft ^ft ^ 65 ^ 

««fi®EMEi«ft55^i^650fe65 

ail^^*ffiBBB»3|£!S»65,ta66^«aMm3t£,iEtaiIfe650&J6P:i® ''^> 
^65^*6: UtLU-^3E^(fta*^l&ft^S^fetfc5'J65^feffif IK 4ita 
S^)3|£aMe5= 1SftE€iJiaT“thenDoch<fec"--a,i:S^‘‘^fe’7 
ffe/LT-iiiiJT?Sft^ftft^t^a-65y.iao ftfeft 1843ftiftil:“5l^aift 

65i(ft$@ftBIt51iiE0Jji;FHia65MI5o”® flSa^aiSiEfil65,!iliJft?fc!£:' 
^^ftrafti^.Egifgft5tiatJS^a^tu^ftj?s:iSo 

®?0^!®T,fi;s3f5iPfit?5To 1846 ^ftS^® 111 (Mount Vesuvius) 


(I) J.Lovenng Proe. tif the Am; Acad, of Aiit and Set. , V^. m . ,1857,164» 

0 S.P. Langley.^±M^(2),16» 

0 Pogggndorff' t AnnaUn, Vol.20.1830.245$ Vol.24.1831.640. 

0 f&«^^]<Laiigley)d^«;t.iq±mS(2).18, 
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ffeitTaai±(diathermancy)-i^, 
transparency) — 

® ( tK . ^ . sE« ^ ^ is] * It w g& s ±, ^ jffi afl 

—tfgsas^iss^^ifewif^iK^pst'jo 

TSS'JfcWm-^^f'iffCLocatelli lamp) M IB l^. ifl K6% 

400'CBtMffilto 

^ IS 14 ;g am ^ m ® M ® i* ^n«t* M is la . T ^ st-f 1^ 

warn. 1847 ^flb^®TMffi*MWW:ffill(Grecnw«>d)^^6g«[^ 

:g^#iJT:$:^6W^§¥o 

^#(l820-l895)M^B:fcR^S,5£i®^S^i»@^iiE#jtrT^Sl4M^ 

4flk0S!!^£ 


® E.Frankknd, ' }<ita Tyn6all~ . S. Pnc . Royat Soe. cf ImIoii . Vd .55 , 1894. XVIII, T»;S; 
Prayer - le»t"S. Contemporary /Seiw*, Vd.20,1872.205—210» X 

^ifijunc^ M*C<«b)«AnSS. Addrae)^? 1874 
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® in m ?e {Z 8S il 3e T Ja ^ ^ ife: @£ It ^ M W. T « W S-t ^ -h 

lOO^S. T#3^5fe5e.ffilt¥^q>® 

fa®.1881 ¥TW5'vJfe^T-i§ife3:.®'e« 
^ffi^f&WJiiLlSliliEfilWo SP8tit.A.G.!il^3i:ajSS'J®itfi^^ 

m:a?£S5m[^9ih]»W^a5ij:?!ife4^= ^^^«®|oir‘ttl®±0t.'es)t 

^ W - IfP 5)-^ ^ T @ S. Efe It. T « ^ ftfc 7 ?E W ^ I^ W ti 

sE ss m ^ IS, ® ^ife isi: ^ it ss as«!fs ^ w « s 5 ■H Bt It A m ^ m. 

4>f®'e6«iM*M90Ti!¥fij 

^. 

if!ci(|iSK!|c6(jtg-&®j4>. S»f§l^tSt.itltfejSiij'eMffiBt 


Q J.TyDdalJ, Conihbuiions lo Molecuiv Phytia in the De- 

nain of Radiant Heat, Lorulon, 1872.59—64« 

O **Action of an Interminenl Beam of Radiant Heal upon Gaseous Matter.** Free. Ray. Soc. « 
Vol. 31.1881.307. ^atti«. Voi. 25.1882.232—234. 

(2) A. G. Bell, Upon (he Production of Sound by Radiant Energy , Washin^tMi. 188]. 19. 




M®'£fn. iiS^&^I^eSMiS‘lftT;fcra3fc,#«5_hW^I^^«T 

® S Tt M SE«f&±, ^ J: B.3 m ft<i S S tl-W iS S ± ?t-M ^ ® 

« 

?!-Si SIJ 525 X til A W , (« « H @ m M « E) A fn ii # S f J r Bt a c 
^ ja a m ^ ?i-Si sij $ iBj w. ^ it w # s ft - ^ Rfr s ± H «sy ^Sf . ii 

sf^.iTgjiesto ancjiyi,fi8#®«fi^i?fSi,i^iWR«i!®^wsi^ 

m # K is ® *s 1 ^. a M ^ E « M-A a Jft sij sf ^ 6^) ^ ^ « 

(Ed inbuiK) W «ff ffi ftx r M 7 # ® A M Si ift. flb ® tii T ft if - is ® 


0 J.TyndaU.//«ttl a Mo<i^ ^ Moiicn . New York. 1S97.299. 
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. mviM 

ife ^ IS lit ff jfi ^ ?f Bt.«jn bt ti( a 1s^ ^ ^ ta ttc ftg 6<) 

W ^ i" ffi flj 7 ^ i H ;#j. sn [^ it M * )K a ife ^ 55 W . 

J^J sy it ^ ^n S 5k A iS ^ ii 7-^ M 7 «¥ 1? ^ m a »j£ ;ic PB Bt«[ M « 
SlAFHMa^o fiSP#«i!i’4>.^tffiieiir?l;^jW'S^U 
m®^p^#wifes:s©ciWAPSswi#¥iJAinwa*= 

1860-1862 ¥fai.flbS«T*i?WS^o - 

^sp®®iiit6<jt#i)£iEfi*aife±y^sy^i*AMo s;5^sa^at- 
#^^6^"isi4^”.s#iii4^aeMia«T'syfeTjSft'e±ffi6()—tjosi 
Sl=fc AiA.iRSiJ.fi 

f5I-7'^f^^WSItf^ft'aife¥RS^^®a rfPSfe-fex WgSfco Sp 


(D B.Stewai1.rn»<./{or'&c.(/£:(bii(ir«A.Vd.22.186l.l3.llfrSi3;t$^;ltitSft 18S8 
¥3^ 9 0W«, 

(S Report ef Briiish Am" rt for 1871, London. 1872. Abotiacis. 45. 

(3) Peter N.Lebedev. Annol d.Phrt. .4.S.. V<J.6,1901.433i Vol.32.1910.411. 

(D E.F.Nieh^ and C. F. Hull. Phjs. Rev. . Vol. 13.1901.307; Aiuophyt. Jour. , Vol. 15. 
1902.62. 

(S) MoruUsber , d. Acad, der Wisrensch. m Beriin . Dee. 1859.783. 
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fnt|Stg^#@iai'tt¥:e(A.,7’)/o(X.7’) = e,(X.7’)/a,(X.7’),^4> 
m a, wt— ej“M^^”MW,a(x, 

T) = ai(X,7') = l.Mia e(X.T) = e,(X.7’)o 

KE 3Pt T m Mtf ^ a It ^ «ns life T :5: fcfc J1 1^ M. S fn ^ lit $t 
a M ^ ^ 4^ M - ^ ^ ". ia ^ M tt; 6<) IK Ife ^ Kc ^ Jic ^ JK lift ® 

r fifj®«65 

m -S4'®«e»fe«:*“tH:lf^eg«”o 

65jffi:S;o 

t-ho AfneisiEW,a^ffiittpfsgt65“M{t^’’4aife*ffiij±jifflra65. 
&a^fflltm+.x« 7';5:ii]65^i^65Mlt^S«±atf©f^= m 

65^5£mEa(Roxbui7),#:giiam^«±Axe,ffis^g^TM¥ 

Z!B.I»65 

a|i:S.I867 ^^TP^lfttSa(Allegheny)AS;^65fe-Ki.M 1887 

M65A,?aW^f@®^,flfeMaAme5W^^ITffejt4|gfn65tfMSe5 

^ A 4^'6 65 K * Sfe 65 ^^4». a IK fn tf ffi ± 65 i US X A P0 = 

#^R65®Mait®tiiaf65{fetS= ^l'165SfS:tf-^S 1881 
65ai?Slt3tftlS=® ai.:^ffi'£m:®A«iMfiia^65ffi®65SWMa^. 
-^mtsm65®^(a^^)ffle5*®fe^)^^E^^ji(aIf&+65^^®Mo fep 
*SltS*'e±ffi.'e65S«Sfc?i-S.tta.‘e654®glC*@Ao «®65 


<D ^m./our.5«.(3).Vol.2M 87—198.ftR-ft^*M»if T'e«lit€«J^jt:»je.(4) 
Vol. 5,1898.241—245, 



19 « / 141 


0.000 000 

^-ft, ffi ffl t: M ^ fi? * ^ ^pa ^ iS 6«ift ® JS * ® fe 

# ^ JB ^:^ T W'^ S A ^ iS 6^1« ^ iS: (O ^ M1® IR T gp $S It, i4 
T^iBW“aS'®iBt";(2)l®^iSW±SPfflttSE0^,l^^effS5SIW3t^ 

^ ^i&LUlP^M^^iElljN^(Mounl Whilney in the Sierra Nevadaa) 

SI m ffe ft IH «b ts/B «E M W ^ ^. ® a 3e I& ffi 0^, A n W “ iS # I® SIJ 

AH^CiiiT7 

3P:5i-64jAPafflftf,Ma.ftattf^ffl«ii®ft^:^a$7'e:6<)ha:5i-o ft 

.&fqo ii?fni?Ji^:&®jife^MA*tmiii^,5PAsseftSfn®m&<iA 

+0 fK 4fc # ^ 7 P3 ^ % iS ii ^ ® a fe W SE W f] Itl fn m BS fi«) P3 % 

A”. i^o 


® .4m.youf.Sa.(3).Vol.25.l8«3-l69—196. 

® Am.Jour.Sei. .Vol.38.1889.421—440.aR*a;S;± W;Si«Wj£aS*T Memoirs of 
the National Acad. of Sciences « V<d. IV o 

<Sf Am.Jfw. Sci.(3),Vol.40.1890.97—113. 
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srTi^-#0fe.e6:i:s&i'AfifjaB0SM^^= 

0.001 ^Ft&d ^^S = 1 X 10-''ji),M^)feWSj«tKg 0.000 000 01 ^ 

loooooffio® 

#flJI^#M|51@o P^'l^ie«&tt(1844—1920)ft 1880 ^Mfl3fflfe*!lf^ 
Tja^SSlJ 1.075f<m W«a^I^1'iti»BBa ^fJ^»flJT^^ia^fflE^^:M 

M«fro o.39^m wmm a* = 

0.76f.miAraW^BTia.^itiE$P^ipJ^lf*g«Eii3|EWjSlH#.M 0.76^m llj 

it T iS tt 0.005 * ^|t g A W ffi It, ifg a ^r ffi ® * f^^ i+ftfe e ^ 7 S 
‘‘^1 fe®iio.O3«?|t6«jffi|t.Srfa,^ftfel:^i(fei(aM7tt^i54=®0fWM 
A 8-fS W S -fe at. ffe tt m ^ fig W $ A ffi£-K M iS *1 o ® # »r to M It i!p Sff 

y^o i^f¥-?le.A».JSfeKA;i7^tE:Wit^SiSSiJtt0.000 2*?iej$®M 

It ^ fi<) ;i ^ # iK tc Mfe ffi It in e }# stife ^ it 7. 

^ se, ss fli. s to 5 jit a s «iR lift $ ^ fn :it ^ jal tt 6«j IS ft ^ 
ft5^ttl«^W@:KSl®M3iaa#ltg|o AfnBtWAPHffiltXKi 


0) S.P.Luigley.PW, Mag. ,Vd.27.l889.23. 
<2> Xm-7w.Sd.(3).Vol.32,1886.24. 

<3> Physicai /2«w»,VoJ. IV .. 1897.314—323. 
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* 1896 ¥l-UM+ifeef^T 11 
19 000^^Sf^^o® 

i840 ¥SaiMo 

1862 ^ s 0^ M. ® «b ■ & 3£ m a ift fij.«IS n iR ift T ^ ja 3t m fi^)1^ ^fi5 
:5)-: # ^ K K f& ^ fct e Bt, g| Jr It M ^ Sf a 3t 6«] S «/b= 

K-ffei^3m('einwsite.^i^T'efnwsitfe)®M^fEii4i^o iifefttm 

a i88o^,ffifs^^saiTW^nfi^)a 

HffeSCo 

aa®^«'b.3feMi®K^n-£fn 
fe St se a Be ft ^ «! (1836-1900). ^ ig ffi s # A eif ti fcb w fe «c 

re®fflo 

-iWMSa^bTWMifcffiaitfto "m-i 


O Siuungsberichud.K. Akod. d.W,Wi^. VoJ. 105-389—436.303—574.707—740{ ^»t>- 
phya. Jcur . , VoJ .5. i 897.290. 

0 Compt.Rend. .Vol.55.126. 

0 Poggendofff'sAnnaUn. Vol. 142.163;Vol. 143.149.259:Vd.44.128:Vo). 145.67.164. 

(3) A.Kundi.PU/. .W(i^.(5).Vd.26.1888.2. 



144 / i 


1^4 


f«! W, fife * ^-t Sf fe 6^) «-ft; ® »1^ W ® tt ± ^ ?b i* ft T T ;fc |!0 ^ T» 
& 5g M ft^ ^ :5J-sy ii a H # 1^ gt fi<j ii8 

iE>i-= 

wMfeo fe^feWiE>i-»e3fE.?f^uiStr^5iemi?'efn.iPse#sjT 


® ^^aWte^WWWife.ia Nature. Vol.49,1893.100,149.389, 

<2> L.Weiller in Pep. 5a’. Mcwi<Ur,Vol.4S. 1894.539. 

® Nature, Vol. 53. 1896.617; $ R1 E. J. W«U, The History cf Three - Color Photography, 
BoMon« 1925 d 


<S> Nature, V(d.53.617.618. 
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C.S.^^St^P 

iji ^ ^ 65 iS T ffl iEfe 5tE ft ^ ^ S M «¥ # T life 

in65ma±e5tt-feiXo®S5t£X^aTffl^?fe65m^t^#^3t=®i892 
^,S^£:?a;SS*«.=^-hTffe65^S^tSftJ^;S^5£A^^JTE«.^^65 
;t^^ffe5al^^«^K-^a:«^WiSK^^tl:S,*TSalT'e65^BA I9S 
65±^^i4.amy.^^'e[tes'i65?t3tEiE^®t. 

^®l]ISi5^tt(Pavilion de Breteuil)a^f 65o®65fS^ lii 

“ ffl It K M ^ ^ R ^# SJ 65 ffl a ifi m g * 3te W a +a tt: ®. iS 

^ai»^{4atX®lftTM^ISTffi?Wl-UA65tt®;iEH*j!nitt.'e 
g^tej6S^a«5#4>«1I^e5R«;t-”o SjK^afcSSft,® 15X 

ifil 760 *?|t^ttA^ffiT,a«^65iffit£j^ 6 438.472 2A;1907 
@tia#^ffi^i:.ft^s.a¥'jeisca:«^65ifife^ 6 438.469 6A = 

AWmit 

ft M. A fn e # iS Hfe ta ft. A 65 BS fflS JS iin ilt ^ IS 65 3t ^ ts. lit a 
a^-^ffiA65^gff4»65^afl6ffi'eES[o i3lj&E6^(SS«^f^a 
65:itT0affif^ffl65^l^#«?IETi&»M.-S:e5$ft;c 
iSi Jft ^-^ ■!(!; ^# a-SJ-T. iiP m W - ^ ^ iX S m e 1C ^ ® -'I':ir w 
[itfflM^65]^SPtt.^^65tXS,K^iA^^.^aELU*;«H65Wi^« 
&ffe65S^C.'ASEMiiafife65{X8S:6+I^IE^65."®S^i5^ft^#iiJ5n 
T65-1!r^lS:65l^^:® --^^^ll65ffiia]l^®fWffi.-^SI^^iif 

^ a ^ Sf It ffi Sf l^ ^-t 65 ?c », I# SIJ tfl Iffl 65. IS 65 sE ^ :ft 65 ^6 o 
sa , fit # A 65 BM W -e * S It 65 « S M * H ^ ts 9165, S 


<D Rownberser, n 15 KS0. Vol. .. 193, 

(t yVatw«,V<a. 20.1879.99. 

(2> 4m.yoMr.5c*. ,V«d.34,1887.427—430. 

<Si Am. Jour. Sd. . V<^.38.1889.181. 

(S^ Cofflpf. fUnd. t \<A . 116* 1893. 79(^~794 ; 4*tronom7 and Astrophytia , Vol. 9 ., 1893. 
556—560. 

(S) H. von Helmholtz. PopuAtr ioefuret, tren*. by E. A(kin*oo. London. 1873.219. 

O ra±.218o 
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sc ?ij j® . s itt. sg in « sj &<i * a a ^ a fill ^n sij &?i s At w *T 

^fti.iatifl^«Hrfgifc«iiima®iw^A±o® 

M ift ^1 K iE 6<I M fe tl ®; * gg M M K 5t^ ISS? T m iai 6<J ® Ah 16 . S ^ 

S'lws^So 

ffifeo® 

fe « . f^ W 310t T R A ® AJ-« S? IE: i® M ^ €. M 3t o 
'97 AtM?S^i^±TJ^feM^iTp^*^^t.a^#gSE6ia^Slrm5t1§tll3tE 


0 H. Helmhollz. Pi^Htiar iMunt . trtiw. bjr E. Atkinson. Lmdon. 1873.203 ■ 

® PhU. Mag. ,Vol,4l.l07.275. 

® j.ttEffixa+weaeBj&an'f’mHiSftTMUftsaMc 

0 L.Campbell and W.Cameti. 7^ Uf*<^Jamet CUHc MaxtotU, l.ondon, 1882.214.lEEXIr^ 

L.Cainpbell]»»a«««iife:t|Bl«ggl)"(« 199®), ^*3t»rl5#Bt 
w.fifea#fflffeft i862¥ttttM-a4% ■-■M±taift9tst»i^Aiff^nme..mvt»m 

ffffiSBffKSl««S-&f)’'<l|l33S®). ^««S£9:R{£«ffB1.ffe'££-K¥«(iCe«iing- 
ton)«l?Efi®(PaUceGaideneTeiTace)8-^,“ffiaffi,<6ffiS1'9*K:69Aa«±aff7W^ 

^.Ite^^MWi^ittSTfi.EiSTETa^^WWlBIJEIT*—t««,'(«3l9®) 
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+0 5t* T ^ S:)? [pj «r&] m ^. Eg M, a «t ^i'^ 3? ^ ^ # 3^ 14 0 

ME:^:fc.S3^^1&lTS'H61)?$14SiE«ifl:?f;i4^iW.[Sllg^<, Um,1s\^ 

«iiE0j?awawi«i$Wiasi= 

;fc Ht« jB « E 6<(« gu®.-e ^ ^ W JT * T Jg i M ^. la X ^ 

M.A^±ffi3l£WI93¥Wy.Ta±WA^2;:fir^jE«®l:a'einMlf& 
s . IE i p life ef a ai SD ±tfe a a Eu A ss m ^ :a - o ® T?8 ® 
6D ^ ^S ^ IS ^. M is ^ f® life « - e ttt ^ iie s() lU A ^p A w 

:? fS S, A i» it« a E0 ^ IS] ;F « tl 1* t. 0 ffi ^ # W a W: 

nJBlfTlt^o 11:1.SP* 

n 

W A H ^ 1$ a a-e tfe. ^ ^. 3t fi .'g^ ? I iS « 

M «f M sir ft j^; m 1® @C T a ^ IS iii, Hfe IS ® ^ Ifi Hfe ^ ® W [•:* A1 ^ 

gf Kfe ^ m «It ^, jfD 1! iBi M M W A tx IX * ap m S., ^ 5. “ * SS Afe ^ 

:^A6DmSSit,'Ei&ih«$|SI:2:4>"®o WftJKmSIimriTifS^&D 

®?bw= 

BIS,1881 


O &unn.Vol.«0.1924.150. 

® G.G.Stake*,Phil. Mag. ,3-S.. Vol.27.1845.9—15. 

® a«»JJL^KfWfel^iaifJlSHMRXR-J.SmiB, Foulh B«on IUyl«#.)«^<»«ffi[ 
l$.9I^J9HBH)(J.W.Strutt. Third Baron Rayligh). London. 1924.346. 


I9H 
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^^6<)ltfeT^i4iT^^. i^+Ss«W#i'Jli(;fc&4)S^. 

las? ^3^6 

.s 

S Jlltts 5t @9 ^ I e W14 ^ # W afl ^ Xt a ^ $1 ^ 36 M ^ ^ 6<) ®. 1^ 
A*.^^£^lS@C«JjSLWISa(S^5i4T*iA.a-;^«SiJ«^t);6S0X# 

^jjfji&a^xf^o’’'® 

1887 ¥,i5j5;:^at^fil5Sf5®^4:*:#-(t^ttSJ!t®«m^«;WS;4iJ 

Case School of Applied Science)^j® T B 8 

^ ^ itfe ffi a 4riil;(:, “ itP ^ H fi iij Hfe ^ ^ a: is ^, Kfe « W lit ;fc W 
ta ^ it ^ ^ tg il? ^ ife ^ «fi a a a M A 5J-;<: -, M $ i(-'T 0 ;t 

14.Ma£E^tgS^S^W?l;^JSF*3Mii^;fcfliifeo"®?f^I^^®fi 1990 ^ 



ii^ « a 


0 ra±Eii®,343^ 

0 Micheleon and M(w(cy. Sittimon’j yoiir.3. S. , Vol.34,18S7.333. 
0 R.T.Ghtehnok, James Cl^ Moxweii, New York, 1896.221. 

0 Lord Kelvin, PW/. Maa-*6. S. , Vc4.2,1901.1,2- 
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wobuni)ife<is^£ft5Sf 

IIM:fc 6^1 ^^?)S W ^ ^ is M 

^Ksl£□ 4;i^^0J-aWI6S^fltSI£aaT^0f^MS(!fo 

(Wilmington)ia:jb-tt^5= itAK[S] 

* 1777 

ay.4s^i®Hw*iif.sjtt;.i783 4^ifei95ffTiis.404*«a^f 
±4^AMflfea4-^iiitfefijA-jeaBSo :<’i 

®i^Ef^fjaE3S^^(Elector of Bavaria)88^ .44 1790 

flfeSt4TX^tat^,Xilk#«J.4 

i£ # ^ * a, sij T ffe «c. ft 4 ffe »»js ffl # a: ^ iR «|J 4 T 

Ammn^. 4«sw;t.^ast0f?£KE&-'i^iisA€'j'4B^.4^^ 
^'@iWiia*«ffl)WisK 4 ti:i*iiaA 5 feefitic 1803 ^itmmmj 

ilS^AX«®To flfe?E4 


(D G.E.EUi*. Memoir (^Sir Ba^anmin Thompion , Count Rtui^tni ■ ffefDffe^JL£19ii^iS4tS[ 

(3) Motnoir of Sir Benfomin TTiompton . Count Runford. 58. 
il«!5)a„ ^m«l&«ailSffett<»feS:*>(IWy., 1795-1800,4 

W^'>T500'^«#i^#»«a,"-WinTyndiU. Nru FrofmaUt. New York. 1892.123. 
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2(J2 


1798 

>S|!M3tEWS^5^? f& 

Be # T - «fSi ^. lii ffi ffl ^ % s<i»JSE 0 f i w ift ^ ® ^ a 0 <) Tie ft<) 

ms?|-i«<. Tlc&^ia-Sft i /^ff^(^9?l■iBiilJ 107T; 

*1 142*F;“*M4^0tX 30 ;^C IC IS » 

.0i^tks^*ii..'£®f^'isij®a 

flfei^^:“;L^aW:^i'l?f^^^3E&^Ji}^B^.^BM 
- ^ M 31: M ^ Wi ^ ^ ft; iS ^ BP te ^ Hfe S PH fPJ life £ii a ft 0.515 ^ 

^ 3s 18p # ^ ^ ii. sp ^se ji ii ^® laij. 4 ae a 3te 

fB « g d ® SiJ, f& w a «E ± w 3C ^ t, fife M ^ a X is ;f 

26.85 m 

7KM^SS<i^^ao ffl-E^;S2.5 

®il.33T?HeiSj212To Sltt.m^l^fen^Jl^ij-# l.2‘F;n^^PJr 

j^^W^a;S 1.2x26.58-^(1 * 4.2 ji) .^;& 31.90-^. 


^ 1192^ The Complete IFonb Court/ Ru/r^d, Boeton, Vd.l. *481 —4889 
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1 034^Rg!f6«|?b. 

ii2^R.mtfy^. 

4g m M ® W ^ ife S SIJ T ® # W 3M ^ ?S[ *, M ft 

^#ft^^K^^UT.mSJ:M^®4pe^S^tT. ffi£Effl#a(®fiitftS^6<l, 

gQwm^o® 

M.®ftfeMlffiJSS«®Si+4^;4c«Mi^c^iSm$^fcc ^i*.Sf®ipat 
» ft ^ i« . iE ?13 W il-'# ffi ^ ft, ® ft l-u S ^ T ¥ ^ t SP W ftM# IE 
1Em= ^Iftft 38¥t:S§l#«T-'^ffiSFMgEi+M“^AiS«^K 

S*SPT:1844¥4^ ,0T;1846 ¥2^ .0.42T; 1848 ¥ 1 M .O.SlTj 
1848 ¥4 ^ .0.53*F;1853 ¥2 ^ ,0.68T ; 1856 ¥ 4 ^ .0.73T;1860¥ 

12 M ,0.86T}1867 ¥ 3 ^ ,0.90¥;1870 ¥ 2 ^ .0.93T;1873 ¥ 2 ^ . 
0.94T;1877 ¥ 1 M ,0.978T; 1879 ¥ 11 ^ ,0.994'F; 1882 ¥ 12 ^ , :o4 

1.020T o ® ft 0t iW 0f a ft M ^ T SS« 6<J 0f ?£ 4^. A fn ^ Se T - # bt [it 


a> H.Oi^^CompUu (Torb.Vca. D ..11. 

C) H. Davy, EUmenis Chemical Philceophy. ^. 

(2) iS. C. Benhold. Run^ord \u\d d. Mechanitche Warmetheone, Heidelberg. 1875» 
0 Ann. de Chimie et de Physujue . Vd. 21.333. 

® J. P. Joule. Scientific Papers . 558. 
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’05 


#jE'Efn3£5ee3!e= 

1815 ¥.tf:aW^#^l»:'ffaBiaitST*®®$it^fI$'H®S 

i+=® M^S^^^7R#[®St^-^S]it^P:lffi-a«,^J!tXt-'^;lKm 

100 ^ I a], S ^ ia S it fci W iS tJ: Si« M :4c S ia S i+^ ^ ® ia. a SR S 
nMaitM'ti^^ijsSBT^-ftiaitit^ 0.2 25o‘c 

300'Cflt.MS'J® 1 350^flt, 

^SmaSo lii5c-S-Affr*iiE^,ffi1Kial1l»i’T.«®Sit3J6t'5t 
^«&<i;a-22o^04.'efnwiSM^AT 1 sto 
*a(aWS|S®A+.^:^#AatTT^TaWiR5(jS*Wi!lHc 


0 iVamf«.Vol.55.1S97.368. 

O A^aiur».V(a.52.1895.87. 

0 H. L. CAllendar , Phii. M<tg . ( 5 ) « Vol. 32,1891; E. H. GhSithi t Sciatee /Vogy w « Vol. I] . • 
1894—1895,"'Die Me«uremen 1 of Terr^wnture" . 

0 9 «t High l^mpenturee**, Nature , Vol.45.1892.534—540; **10111 - 

rsnge Tenperature and PreMure Variable* In Phjrnca*’, Scienor.N.S.,Vol. VI., 1897.338—356 q 

0 Ann . de ChimU et de Pkyiique . Vol. 2,1815.240—254; )tS Ostwald * a KUt . . No. 44. 
31—40e 

® 4wt. de Chimie et de Phyrsitpte(^) , V^.5.1842.83: Ostwald* s tJau. , No.44.164—181. 
0 Ann~ de Chimie €t de Physique(3) , Vol.5, 1842.427. 
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:t . ^ W ?)c ® « tl ® M it »r ^ S “ ^ ® 9K , la: ^ ®T 7 o 
;K ® ^ in lit ia SE W e {01S. :*: «t ^ 1^ T ^ ftfe § # tl ® W lig f&t # 

i^o 1848 

mvac asse4Sin&<i®^M##®#o 

«MlH-5^^i^ftK^^4>Mft»a^7T»^WI^.ffeffi 1822 ^S« 

T — ^@>^{3®! fKl^tfrSTfe)( La nidorie Analytiqiu de la CAaleur) M M 

iijiST 

g6<)»lSj.D.ffllpWriiE^ai-*gife^^K3C,M.O®?J iOOS«6i)3lft 
i5.9%jifn^Wi^f#^$W;l-'T 24.5%o fib assy ill Bt 

18 20 i-tia 

^^f4i[riSIM.ajfcrBT^«'Ifg:fco iEiinSfna*»iI6^,m-^fttB 

ii^^^WJi*a,flb3iE«2:?|tffi;2fflS7^^K(C<.n8ervaloire dea 
Am el Metiers ir, Paris) ffe^a 7 " lta^#"lK 

^pm7a^m^o i802 ^o®fibfeffis^w 

M- ag^^SeW>^'C'9f?E^g:ftb»f^:“-«aa,J9r^«nf$ ;<17 


<D William TbooBon. /Voc. Cam6rid^. &e., 1848.2 ^ R ^ 9: ** Heal** • in 
Encyd. Brit. «9th ed. ^ Kritik dcs Taupenturfaegrifles « j& E. Mach« Prindpien d. Wttrmeidm , 

Leipag. 1896.3^“57 o 

O AnnaUf de Chimie , Y<4.43« 137—175: Ostwaid" s Xiau. , No.44.3— 25. 
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208 


i766 ^-^s:iai^s:aifi^)ftSM3t£m 

1773 ¥.|?*ilr^?!ffil&aaamSPMSi«f*3(Annonay)?h^ 

m^n±.9c^%^\T 

^.S3fEJl^^I^^(Sorl>o^^e)!&a^■^K^^B£W«:^I^S= 

® 6^ 1# . tfi. ^ T iH M i« $ W il!l M iJ. fife in ¥ m Ift ± r * ®-& Hi fiE 
® s tt-. 0 * tt-. lit s iw * )K ^inK « ^ e<) fx s, a w tti fft M ^ g& a w 

WSt.iiA^tl^.ft 1804^8 ^ 23 0*± flfefnae 500 3IIR 

13 ooo^RW«is.®?t)itfe^a! 

m .UMT.SEMIS? 1® 

aaiSES*)fsi^MW6 3oo?it,ft4tMs*i;^oiaitfe 

ft ^ Ig T ife M ft :fc H * ^«fS »r ^ 6^1 a »f ^ ilf* M 0 

^^0.375;1837 ^4W^^iWa^6fa(1800—1839)ifcgMiW^^i^^ 0.365; 

0.366 W 0.367 ;tfS], 


0 Proc. the Am. Acad. qf Arts and Sd. , Vol. VI. »20. 

0 ^ SI H. E. Roficoe , John Ooiton and the Rise of Modem Chemistry. 1895o 

0 Ostwaid's Kiass . , No.44.28.40. 
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*^fn®fi.5fe*SR(^JiiiKliPSA: s6#JiE^^-^^A^CE 

ssKf&6fi^ikA?5^T. 

ftfetfiASP^j-wjESisjSWK^tfeA-^f^afi^Wo w- 

W&^H^^MlicSo 1854 ¥lilS.ffeJt*A®(Sftvre8)SSrMr 20. 

tc. flfe^Ea^TffaWiM»X^^^^^alt^i^«AMg;^^tlt^I5o 

®®TW[t3(ft^«[jg^#iii6ai7m-i)itMo mfife»!^'«ijia&ti^m,ifo 

^'^,-e fn SP BS 4& H W le tiD rfS 1« ftp. a W - # r ilfe M i*. iS JX. 

«]ig 9i M ^ g&iiE ^. ii^ T illit M ftff W 1$, ffi ;^J m w m ei 

PVBlffiij±9ftDMiifi'l-A 

®lMlsiflftEa(IS}tri>J-i-ttSE/hM£E;/j?£fflo l-:(^l'.M# 

P M ±t ftp. PK It S ;/3 T Ifp ^ «:a''. ffi JB iij - ^ m 4'®. m ^ # 
iaip.i£t»sc'Hsp#,s*m5t«*iitfemwEia^i^^F& i85o-i854 

fiftMSj 20^¥5^SSPa^^#f!jr®= 1870 ^,m#10l(1832—1905) WS 


O Roeenbcrger. J9. 15 jS^O . 1 . .221. 

(Z) OWrP > KUm.. 

M^noirt,. V<d.21.26.£»j£fiK 

^«4fei^09*gaa. «m-7A?£-4-«»si8(ta«2;?R«.ffljEffifl8a±T= a 

Nature. Vo). 17.1878.263—264, 

® Pogg.Ann. Vol.62.l39iVol.94.436- 
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:io ^ffi;/ji^30^ieiD®j 320l';*:^ffifl^,a,W 

T-t ^ t W K ;/3 ife It in T, ft :*: ^ «f 1# iSl Tit S S «-§= M S 

a#.lina«®!aiflWI«^#SiJT«K-*l,'eft®M6i 
sailffla#:i5rfea’tt:7 HiS.HCL.sOj.CjNi.NHj, 
C4= ll?S«ti#I^fti835 ^i*=^T:fc*Mffi^«@^COio ftffi@^6i 

co2fn2.s*?a-&flt.fifei#s!)afr^si^siiw^aso 
1^^I^^^&^^mft IMS 

a.BPS!) 1877 ¥;l-®®fB = 

’ii tST. ^ft 1822 ^,M3|eftEieMrta2Pft^^Wl@0ftB0il35ffl 
« SIJ a # fii se 3fe: a fi ffi « ^^ 5E« ^ i P itft fl+. 2,51, ffl til ;!|c 0^ a ±te ® 
'Mi ^ _& a ^M ji& « W; tti m-fs 5iJ pg ^ o 


(D E.H. Ama^t, Am. ek Chimie tt de PkytuiueiS) .Vol. 19,1880.435. m^SP] — 
nXfAX*. tt»>f^ft««ft««»r«f(Prestoo)XStn, 7Wr<y‘ffeaf. Lonckm. 1894. 
403^4lO-OsTwald, UM. d.AUgm. Chemie, Vol.l. »1891.146—159e 

«t«;»®J|!»:*<tTll*t(« 1805¥)s»i»?'jSW«ftT = «ft:#o jao«wJd.ra±.Voi. 
I.,294iA'oJu«. V(il.n.l878.l77« 



* 1863 

88T(ffiST 30.92^),ip 

^, EP ® ffi 300400 ^ m a^, ife fg „" ® ^ 

30.92-cW,?S^&^«*C^W CO, ifi]ti:Bi^.«?g#«irlEig^S 
^ft'H^$#p*'esswiia^sSo *is®*iaT,tr 

^arfe&^ImJ^^4taTi2'^r5]®o a«»{ Ramsay)* 1880 ^ »f W : "'IS 

1!^ ^ ^ a # M . ?a ^ flfe Sn ■H * T £E *IS M ^# 1^ # 6<] tfc 

S. S Jtt;iSitbffim-^o"®3 T 

$S|i#m* 1869 ^^^Tii#W*i0.:fflft:“^:X-*li^’’6t)^fe?lit 

i6^;2:-,fib^fflT*M:£KME«S3^Mitf*lll4(at the Chatiiion- 
aur-Seine in Paris) &<J E:*:^# o® 0 ^ S M * 5£ » ^l^AX SH 

X^±MMM.fi*!liffl.Xi([?ji^W^>fi^fco * 1877 ^ 12^ 24 BX&S 

^ ^ 651^ - ^ ^ « ±, 0L # «j« ^ 3£ # IB ■§■ T ftfe in Jtf: a ji: ilfe lit 

*®M1#5tT*ES?!fipm^R65*l&^:a^fT-^.?(I$^o ffe*^ 


0 Miller's Chemieol Physia .3d ed . «32S. 
0 Nature. Vo) .22. IS80.46. 

O Compt . Rend. » Vol. 96,1863.1448. 

0 Naturey Vo). 17.1878.177.178- 
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:i,-« iiJ-29^o 300 200^0® 

^j?;S#®MTMtin?SgcM«S(i£S?T 50 000fefi|S),#fi#5iJTM 

- I40^„ c(h 

ia#.co,igilffi^i.«^fcfoflf'^ia^f^fl^f.iEiIP5lt®6^^ll^p 
a®-#. ^«WW^iiil-i40‘cft<i«fiaMco^M’t^6?)(^5Sis. « 

itn m it wa, lay iS 

fii!)it;S^WfeMo 

«.afnaiiH#nt^;A*iteis«it:Sa«ii^®s:Ki4ACCra- 

cow) Mtt51]5fe Wf»( Wroblewski) ^nli^ Am*UASifeKcl: 
^W^^6<]i|±K(James Dewar)fi)[Wo ittaMiSt^ 

:i4 #tl® M^jSSoT: «. - 182.71:; fi. - 187‘C: ». - 194.41:; 
a, -243.5i:;itfem^BeMZ*cj^C([nT:a, - 189.ei:;®. -2141:.® tt 
i898 ¥j®5!jl6i#S!jTA*W®a(W^*^iS^P),#B.®itT 
So itfes 1891 

iK M T w a # «tt $ T . iffl ^ ii a w s ift ?a * T a i!fe a-t* 


0 Vol.17.267^ 

0 Nature. Vol.5]. 1895.355.356o 
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iJ. S * ik M1$ 4^ ^ T 5t£ M. ^ ^^ ife iffl M-e Ji M ^ S Sf T 5ts &«J o 
i8i4^ffew<ifeS>-s:4>o 

^RstEiUbffiM^nsKtt^WjRS. R.^*®6a®f 

M3l5ST®W±itfe,M^ft3|£S±®WS*to a^hSt/SiEW-teAS 
Afnag^#SijT^=fM^PirM?&aaWSi3«iiRo 

WMc i«rSM6airiE:iWK^fefi?)«SiEo fi®.iSi^'c^k^'tE05MJK*.& 
s*e5{4^:';f^^4''W.8pji;T^5!4W= 

f0 9EAn + Wa»lfef^MW Jp 
W3S±f^Tr&M®«o f&«lgftM§(RiBi)M5ffl«Wr^:“Hi?W- 
5feT,'E^n?STWI£S$lft^'EfnMA/MflSnWT«*o” 


(D Proc. <^the Rcfycl Mei^.Soc. ^ April. 1S91. 

(2) Nafun, Vol.47.1892.210—213. 

(3) /^(tfu^br>rit«r. 1875.400;youmal de Pfuirmade a de ChimieiA) , V^.22.165s Nature Vol. 
23,1881.337. 

0 Nature, Vd.23.196s Vol.41.4(»;Vol.44,1891.279;Vd-45.299;Vol.49,1893.544. 
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Ta^ss.fife^s isoo^ayiii-mifeS;—(ifeiua^WtiLMS 

ffif ^n Hi )<.<!= 

+«(Camot)5{=tlttf^Tm-^Si2.fiba 1824 

W®F^)( Riflexions sur la puissance motrice du /ru) WifeXo® 

S ^ ts S, ^ W-W. « S 4* E # la *S ^ iSt it :S 0 5fft 

:fc5tl$,-ft:®^6f|«X?tl^iJi^fl(il!9!X*f^fflS»±W^«i:^- 

a ^;f j* T M |« «1 M ^ * ffit * X Stft ® M « M ?p isS iSi S ri] w 

lit 

itk m^ ;#j Bt X tg &J iS It X m i<c" o 

:n !lSafc(^XD4?f^^S!)»)^a■eH^'eX^#5^JWii&9*ii^.M^ilSa;^g 
fb.ffi^1&JEX«MT£iEW®ffi'e«*ftM®faife-g[= 1848 ^.^® 

aifeWiSt0J>= 1850 ^ 2 ^ ,5£^»9r(Clau9ius)i3l^fe^4W^^-^ 

I^ # « M W i& :JC.-e'S K T - JK W ;/3 ^ » X ^ X fg g §«) itfe 


0 Rosenberger.K. 15 Mffi® . DI - .224o 

0 mxnf&7 OslKold' s Kiau ., No.37:?IX:;^**S»f«(R.H.-n.iir.tofi)Bi*K,aj 
ST 1980^, 
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iA K M ^ ft M o ” M Jlfc at ^ ^ ttt M it S; 

1869 ^taSSi]7ffi£.^o ffe^Ji— 

®*1^H[S^^(Rankme)&STIIM^^^SSeT-^ifeS:,&Sm 
ife s; ffe ^ * :5)-7 M ^ ^ « W, # a ffe 3® jl; Hfe f# T # 5t SE i£ 

-0ifeS;4>fife?^«:t6i'.ffeWife*M^r@it4’ffi'em#m3)eo fifesttm 

1851 ^ 3 M ,ES.m-mmsi: 

7-^ ^ M S iij 7 it ^ ftt isp. It SI :t S fJ ^ ^ V B£ fl. ^ 1^ (18 31- 

-PS i852 ^,i£*-®!!iiffl;SfcSt±i7ffi«»ia;£^.pseBt 

ft*-?® 

^u.ffefn4^0fWMAaR^Sf!i?ta.3Jt#^^«,sm» 

H ®[ )§ ^ I® (Heilbronn) 6<] E 4 ^ fe It • iS ^ it 4 M. tt a. 3t ® ^ IJ& 

^fe^t-iiai)^( 1814—1878)aii^EJSia^^14, flfe^A^BSIt^nW 
(Tubitigen)?fS&^E,tt& 1838 ^!&^f E ,fSf&i*.^^?FtkEi W 

i84o=¥ffep7fft 

iai'SS 

1842 ¥^«MifeX(ife^tag^SI?-M 


je. Pne of Roj.Soc.t^London, \ol.AS.\t90. D » 



162 / i 


M iffl T «S. ^ 0j T i5 .® S, M ta «R: ® “ W - ZJC S if IS ^ g| W ig -fr ^E 

J5.ftfe*ef!]^f)JiPM«ii:‘Es ischt sol’dJiiP#! ]E*IP1#!)F> 

^ 51] iffl T ;L :^r ffi &(J r * iliij Si: 7 fife W m i®,« ^ ^ 6«i ^ iff. ^ 7 ^Ife 

1849 ^5F 28 a.fifeM 

ftfib;k:S[eEa««a(^.fife^T-i§^7 

1851 ^fifettj]ga«AES.*Spafife^5iJ7g|S 
1853 ^fife^#SIJ7 S E&,mfifeM5l^#^^]^c*ifi!f#6f|7-»? = 

1858 ft0SFW^'«-rL7A»^]5^I^.Mltffifef^ltil^iEMS*Tif 

^7j5^waia.^faaSfl^7iS^M;LS[ife3i;. 

f^=® 

US lb i «IS i£ « m »f ^ ^r^« «(Saifoni), fife * sp a fi^) - 7 

An^iSrWiA. fifeS¥gfl^ifcJA¥7%ffiM«HE. SiSa7i^^ 
M ^ ^ I-U ^. fife fiK 5tJ fife iff ^ 7 4 «¥ M ® iBt M ^ 7 <fc ^ % W 

fife* 1843 ^711 

@fefr^±l[mM-Mt£3i;7*&ib7^am= iiLiRa7tia^s^,¥g 

R6 M ^ &«l 33 A fn ^ fife * ^ fl!f s: t& ^ S ?e IS # m W i «t e ^ lie 

^2I> ^B]i^aA,®jftfifeM§SS±MgetifcPgft-7a^A®3fc^77 
£,0MfifeS^g^a7l|Rfi^o fifem^^-7®S®,fi^43t§|fife 
l847 ^4^.^i4^Eft^aSFr#^7-73if^a«.X^“SE 


® i0. J-J. Weywuch. Robert Moyer, Stuitgan, 1890. IfiiR Weynxteh, Die Meehanik der W<trme 

von Robert Mayer, 3d ed. J893: Weyrauch t iC/«iwre Sehnfien und Bri^ von Robert Moyer , 1893 e 
® “On the Part Rayed by Accident in Invention and Diacovery," Mordu, Vol.6.1896.171. 

<S> #RI J.Tyndall, “Notes on Scientific Histoiy", Phil. Mag. , Jiily,1864o 
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fg a ig a w t-it ^ ® a m T ?E w «3^ ” ® o 

gA(flfellCSgK*-aaiafc)4S^^±SiSiS3|e.#iitftfeW^^6<JSW 

a - ife ife T ia ^ 1^ @. a a SS 3t “ ^f SIJ T ffi ii ftb * W il 
M ;^’■. M ii a fife. m - U: ivf SIJ Tit W a ife=® 

ft 1843 

^ fife M 68 - % it f# S>J W S ^ ffl ^ A ft a^ T 460 =P m 

?|tiflfefJkAffi’ff4>M»aE4>iHf#W^*fiA424.9;1845 

443.8:flfeffi 1845 ^W. * M # SE ■f’iS f# S * fS A 
488.3(1847 ^f#flj W^M® A 428.9; 1850 ^f#5ljM^*fl A 423.9i 
1878 A 423,9.® 

M i(ft ?(j S a * g ^f^^ ^ 4> $n lit a ^ M # «. 1-U S M «lit * &<]- 
l879¥f^6<I.®i^'^Xf^M-W^J■Jiitia^R®.^^ 

^ tfe. ffl A ® s s it. fa ji fife fe ■£ iR ^® $ tf-ffl tt SE. # a fe fife &<] ssc 

i*. A ^ ® S W tK ?F f!&. fife tK « a S't W » at f# SIJ T A1^ W 3^ ?(J ^ 
mm. ftfey.Aa^afflw$ffc3t*X7Kwttia&9S^. mnm,M 


0 A. W. Rocker. Fonn^^rAAw.im.652. ft 11:^116^1 ^TCA<XtlC^)(^^‘ 
mann ton ) jSl W jCft «*£ff Simihsonuin Rtpryrt « 1894q 

O /V4Xfttfv.V(a.49.l893.164. 

(2) ft ^ 7^ Sci€ntific Papers ef Jama PreseoO ioule«1^ ft ft . Lofxlon, 18S4; SaXurt « Vol. 43. 
1890.It2« 

0 Pne. of the Kth . Acad. of Ay%t and Saences % N.S.« Vol.7>1880. 



E,*spMaas#E^Mflb¥,tagx&iS3caa^s(i843— 
1847), * ^ a IS s<j ^ la 0. & ;g m ^^ 3fe X * is .m ^n it n i5^ 

S^i±iS^H[0(1858-1871)o 1871 ^ 

ftfeA^##jwt«w0Wo 

T ^ ^ ffe W e: “-t 5t. m W ^ ^ a ^ ?f f!&.« S'! T BB BS ^0 m 

'efnji;g#ef^ffi65.'EfnM«^^^it.^#;<iJftffesaif#i£BBBf 

a.^w^#ia^ifff^#@«^s^tTW.Hjit,fifex0f^7«^.T 

®)(/>ie Erht^tung der &q/i ) M^7S WS 

i847 ^fife26S'0t7ffi#%a^-^±:t^M.aMife 

S l843 ^ffi^Ti5!lFMifeX65iS 

aii-a!tii«twx^-#,?ew*aife.^#5ijfttewi^^tt-f«^»f - mmm 

^jasu^Mtfexs i847 

i853 ^.'essijs;^ 

* S 3!& ^ Hfe * iik T iS ^ 5fe = 

«r S ^ 65 S ^ « “ Kraft " (;^j) -. IS ffl ® S S IS “ En- 

fifiAWmSLo SM^i^^iraf^^^l^Xi^afflo isffi“t6"S-i^ 


O im E . H . Griffith* > Science Fn>grea « Vol. 1.1894.127; Jchnt Hcpkini Circuit « 1898« 
No.l35e 

O nf6^ Ostvixid'sKLisiiker. No. 1 .SS9® .l^«SS«:2T»ttSJKi9n£&£« 

0) Physical Reviev , Vd.2,1894.224. 
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^ fa 


& flB-K ;e s a «E % ft ft!i jfi T % a w ®.-^ a? m « w m ^I^ at 

fflf£ffi4ii(E%*fT7|Co anfi7^?|jBTA<nei:*:Wfe«o * 1800¥ 

9 ^ .®ifiJS3E(Sile8ia)W^1^ffifeffe^?!jit6^i-jS'Jit!tll!TM#^WililS 
i*.igfeWStS!a:4’8liStU«^ = 

Sltitf J P T K M fcfc "S W # c" «g ift. ftp» *E m 7 ::! m - Sit M 0: ^ ^ 

St a ^ SE ^ a T. ^ a. ^k ^ M t. @Ja a T % M IS Ift o 


(D Ro«»iberBer. PoasndorB, Heller. 

Mach« Frindpien dtr WOrmeUhrt, Leiptigr 1896*.2^0IX Georg Helm. L«hre von der Energie 
hisiofiich - kriiUch EnaeidioU , Leipag«1887; M. P. Dceeine, Rapport tur let Progr^ de la thiorie de la 
ehaieur, Peril • 1868; M. Berlin, Rapport w le$ progr^ de la tRerTnodyna/rngue en France « Peril < 1867 i 
Joeeph Reveling. Ge$cfi . d. Getoize von d. Erholtang d. Moterie und Energie* Aecben»1891e 
C) The GaUery Portraits « vith Memoirs« London. 1883. Vol. 1 .«12. 

0) BP Ch^.J.D.von Grothuee.tf^A CtonhuMe 
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1808 ¥l'US,ffeflc3SgSW««-*± 

*a(ie^^- )?na(iei^ + i7).-a.S;K4^ 



^^TQP±o a 

1¥ W «S sg^ §1T * ifB fi W 5tl M ft. a :i:1? tB » ^ 

*i&±ws^:T;t6gaBtiBMgxiSTc 

5b T M ^ ;S Srj.» g 4 ^ * T-e in ;$: fs] ® li ^ T 51 

H f#3S65«-Kt-a^CDe U RWe 

I80i-I873)o 

siTiHp(Mun8ter)65^a^«cs#ft^^ii-'f^T*«EiE. 
aifeW*iS4:&5«£iE*S^«t»r* 1857 ^f^a3&5c®flfeifeijEiI.ffim 
a P 85 @ M a )S a Tfe. a ^ 5t ffi T ft [g, E Jlfc IE T ig # ^, 

$tSS^r&I#ra®,#SS:5-B[?FTU(SllJi!!g®a^-g-fi^5i‘i^6535?. a 


0 1806¥n 4Ma^ de CA^. V<a.5S.54—AffiK 

. fieAtrDcAtfnue, L«ipfl|> 1896.309—'316e 
O PoyffgiuAwff** s AnnaUn > Vc^. 101.338. 
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J-. M ^ ^ ^ W IS ? i ;ti W «, SP$ P M ^ "E in 

S - e 1 e ® 4> W SP :9-SES ^ At T ^ ^ ^:S;. ■£ fn a -t^ # ^® 
5HSP^«¥JldiTm)»Wm:feo a^ffi*S^giftS.Si§^8^PSW G-E 

SfJ 1887 ^litBtI,j£^^mM%S¥a^^l- 
&<l 35 IS # iJt iL T t# ^ SIJ tt--^!, f^, ^ «l« » W F^ S M 4 »i« ® 

# a ^ W ® ® S ife ^p »J® tE Sft ®r W ife ig il ^ T ■£=® i*. S ^ Sf 

tu^MWfiKm= * 

^f^iimiSK;mnmmit^mx^mmm^o u^,n lass^^e. 

^ isss 

IE AQ Iff *P W W m 1^ i; Sr ^ W PH S m ^ «lT f W “ It 

-KtTife* 

1837 ^fq 1840 


CD S. Airbeniu*, Ztiudxr./. Phytik. CKemie, VcJ. I .631. 

(Z) %T»a£W«j«i&a9^StnnR£d9ei£.#RI W.Oswald. AUemaxeChemu. 
Vo).l,1891.E5?;(Viertes Buch)ai*iiC(P-MuiT)KIS»4!:*«|i!«l, 
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WKffeAo ,^rai^3tE0f«[^Wa'^a^£:!^!' 

E = K\n—, 

P 

?(; iU K ^ s? SE ® ifft it? it. IE iP ^ m % ftb ffi ^ fN ^ lit ff - :t jg # 

ft fi<) ^ ^ H. IJE ^ W/h/h W $ M.lit * *i i*E % 

84SP¥Slj68a= 


® Zeiuchf./. Phyaik. ChfmU, VtJ.4,1889.129. 

<Z W.OstwJd.OfibTwAfflw. 1896.1133—1148tW.OBtwald, AUg. 

Chemie. Vol.Q., 1893: W. NenM, TWctuol Chemistry, tmv.by C.S.Mmcr, 1895.609—616; A. 
WuUner, Ea^wimdrtM^iAjwt, Vd.3.1897.909—9l9i» 
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Hi Sft M if^ ^ ffl jffi. se ffl 7 ^'f^ 65 p ^ ]W »o" ® ft ® j!& 65 4 ftfe 

s.Mm.mmmmmmnitn^mm —'Ji'ft65-^’t—!Sft= 

li;^,Jp®m^iiiStM^?L65ft±Wft#^^'=l"e5*t‘t. 1839 ¥.1^^ 

•fc.a^^,flb^Sf£*[65^^!tEiWr?K® STf65= fttS¥'*65%f& 

1841 ^o®ES65«;#^«!i:ai^i»ft 
l867 ^<«(®e5%ftfeJ^i^^®flE%flfeffl4^65-W'o tfcjg-;E^%m65* 
^^^®^;£65^ft6jftft l873 ¥^i4^W-S;fit3£®t|-65,a«’%fl!l65 

® [^ % §5 IS-65 tS «. ^ a. Si ^ T ^ T-e 65 M «■ :Sr fe M IT ift 0.015. 

«0 ^ fifc a ;K . # ih 4 flfe ffl 65 % an i$ a-e fn fft. ft - « ® M ± tb BE T 


0 /%(<. rrani.. Pul I., 1834.107. 

® ffectrutondoDdon). Vol.37. 1896.483: Nuun. Vol.S4. 1896.393. 

0 PA>/.3faf.(3).Vd.l6, 1840. 

9r«li £ «. It ft it A ^ «It.« * *. * - # «l If 88II i 
«ftft-<.- + *tt*'**»*. 

L.CuD{^ai>dW.G«Tiett.i.>^^i.C. MaxweU. 1882.630e 
O Poggendoiff's AnnaUn , Vol.54, 1841.417. 
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»; ed % Sft [fi] ® ^ ® “ fig }^" (ft PH ffi _h a _t ^ ^ ig $5 ?il 

^,S|!«ffi.i:^R h^?LW^a®)c 

awssiJAfne^imM. issi ^fs^I^® ifeffi 

a;^&Sra^Sffi«_h^B2Tai'0t$c E3jlt.^flfeMStttfi.l9ilPT. * 

Ti oooooo«?W^«:! 

SITJSr&WfSZM. 

I819^|f«6fj‘‘ll»r1^^9&" «Wr!S(Oemed)ai 
^ ^ (Langeland) M # % SP R (RudkjObing), ft :4^ « A ^ nff a 

i5tSlf»ft 1857 

§(ic ft-»:ft^fe6^)yf^l^i£m^:^s.^fl^^ieffl®^llfs;e4ftfe^s^TS^lb 

^ 3^, fife iJi: ‘ se ft. ^ * ffe BE * ts S W ^, it fn tS - i#c ^ ^ m 
n-¥ ^T fa s M ^ ^^ fife i£ M a ^ ic # fi«) Bt ^, fife # ®j a ti-i 

spwfife 

i5i:‘ih«fnSlfti^«%iSW:j5rRo'MiK^feiS]ffiSfi5;5rRo 3#,St 


(D lW0¥£ti4,1898¥*ttto 

® B. Jone«, Ufe and Uuen cf Faraday . LmuImi, 1870. Voi. 11 . .390. 
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iz ® ap ^ a/« # sj-e a M A @f «£ ± o ’" 

W :^^, t-Z ^ ^; as fib M nff «t 0^ ■# & S *■ ® W 111 ftfe o ” ® 

rfe : .;fc, W0 .e^f^ffl*M#±; s 

A m fN. ifS a ii H # &jg * 6«) 81 It fS *1SS/h K f^ ffl ”= 

|igeW4m-A(i820 ^))ffl|f?je^afS%?ffi'R^lo flbf#a^ife,BPffi 

1822 A«£*SiA.,5Pt 

mitts 

aAt±i7fibM«c^ASE. Siit.^g 

6^ ^ *g ffl f« ± s fJ T a A M ^ fib» # A s^ # ta M ilb fE £!? 

±AtfiK/hitWH+f^.&^:)til£-1'#l'A-i'^>l'AHb»ieftbm®T<. -¥ 
W is, fib iA. fib W W tt « m A gi ff a 3lE. ifp fib siif ^ 6ti * * Eb 7 fib i* 

T;Sf«(Rou8seau)^7fit(#Wf^f^MS*lfSE;^^«!fi^5tEWo f&T 1799 

^^g!i|l.Z^,f[b6«)^#i:®fir$f»^^ft-?S0. flbWSieEKiAiUt^W. 
sff*i^Efib65A^wffli*i§T^,fasijTfibfi^f!!b^x^af#m3S^. fib 


O IIWFl$99ife:jCJiL Gilben’t/4/ui. . Vol.66.1820.295;Oswald. EUbrodtemie. IB96.367; 
Oswald'. lOusibr. No.63; C^SStiSi'^ «fltf « 1819 ¥ AK@Jttft-S W j£S 

tt!l5<6fft(Oberon)#aKl/hK«}^ja.»,#fl!ft»‘ft40 5i-Wrt«*«#il-«’«)»*e 

•»S:*“magi.eticcurTent"(«jlS),»»«.a::^“%il% - 

(2) #93 Arago. “Euli^ <« Amp^' . SmixAioiuan Rtpon , 1872.1119 
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2^4 


SSo -^:^W3c 

d.®i805 

^ ^ * 0S M ffl; ffi N 1^ M ^ fr 4 «E 1g lit tK 1 S :ibr 6<) ^T 
% 3IE lit ^=®-^ itt iSF m S a * H HS W a 3^ t ^ a tt IS 6<) ^ IS 

itt.^S^S.'Efn'^tSJltf^fflc nif^JS^i5B^.|I^^i£^|l£Mf&fi^)P«M 

^5&iiiTiE0^^iiWiHmi^TfflEiit5Fg!o ^isxitrra^^tfe. if 

m. l823 ^.$iSS^T-^ife^c,^^fl7^Ta'^»fal3feWl»^;a 


(D 71i€ Story cf his Love « being the Journal and early eorreapondente of Andr4 Marie Ampire » 
ed by Madame H.C.«London. 1S73.164. 

0 Tffl«-RX?«S i805^W-«ffll.‘e«9TttS^^«tt*:-aW4mft- 

t*w^F.s»fr4*ffitt}T«'e«*a. 

RDA^rElBo 

TWa<i£tt}|[>mifeX.'EfHPT'l»«»^S;^*«m*ig±. MtTSWAW^.a78il>IB 
««».««ltm(M.Mune de Bii»i)«I#}2B(M.de Tiacr)a#M^ilQ±#« .H{f#Ra«« 

0 Annales de Chemie et de Physique ^ Voi.15ilS20. 
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1789-1854)® 

■ft ft :*: tl a ^ ^ ^ A ^ M. A*. M ^ fij ® pfi. ^tfe a It Ife « 511 a life 

(Erlangen ), ft til ± life M A ^ Dff a i* . S S ^ ^ ( Gottstadt) , 

W^S1^i;E(NeufchftteI)W®!jitS(Bana>erg)4>^ftii. ftffe 30 ^ 

«7A¥^= 

000.574.® A 356.333,A 280. 
174.10A 171,®A 168.®A97o At(feW»I*«3lE,®it®®A 

jt. tin in M-1^ * -e fn M « « ffi ^ X tt. ffli] ■£ fn w f# ^ ® 1 ^= 

ftii^^eg&4>.flb&«)4flbm[*^lt]M«^t[“AWiS^■’]^^1fe^5f£T^5 

B.ftnffliSgFf^, ft^?S 4 t®T»;lc.ft®^^ ftfe 


(D I^X Eugene Lommel. “'Hie Scientific Work of Georf Sioka Ohm"« Smithsonian Report, 
1891.247—256» 

^ G. S. Ohm, ** Bestimmung des Cesetses, nech welchem Metalle die ContflktelectnciUt leiten. 
etc. ,*’ in Schweigger' s Jomaif. CHemie u. Physik. Vol.46,1826. l44.^4;3t + aST^R4•^^^ 
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2^1 



ffi 18 


ah 

a'fc'lSa^S 

fla0e&at.ms^ie;*=4T4aio 

ft'JiST-1"ffl:f)^¥'o mti-ffl 5 ^ 

W ® % SS ffl m «1*5-E a iiS T^ ± M »Ih tiE» 0^, ^ S fij ffl ;^j 

a Itk, * E ® SE ^ l-U # # ^ - 1 ): @f M » fJ M ® fiS ti -0 fij ^ & ffl 

4,6,10,18.34.66,130 |i£^o fE'Efn-^®-^«lJfia^e&4'.iMiti^- 

4 1826 ¥ i H s a .fifet#sijT5PTW«Jg: 
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fQf$^BMW3J-a 

3^i 

300-r 

4 

-i 

238 4- 
4 

3 

190 f 

1 

134-J- 


«i 


tE^Mt^n a^Bi 15 BaM^.ftfe^^^Wffliil±ye?So {feffiii 

^ » ^J ® « . J5 : “ l-:i ± e Sg «-h 4-A ffll«life W ^ ^ ffl ^ : 


^^4* A-jSica^* 6^^{4^M«saB!i3S®,a fn6;fe^S^g4^«cS;^3^P% 
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a 7 285« * 

277.53, 277 

«[BP*§ifci*«®*«l^S(7.5‘C)]ii5$(ko 

a-ii-ito i826 ¥= 

^-¥0c!«ai)IST-^^5.^5«Ji<%l&.»^®f?E>(fflW.1827 
¥)o l826¥f^til3E5&S^M 

i^xtb^m0o ^5e±.ffe6^)^SifeS:^a^l'■’A^ifl,^:^MT^^:W^^E^^£ 

^ lit e ® * i ^ M <r ?“="'® 

¥ M SP ^ =15, « T fS M 5t& SIJ ft It: . 4 3P S , ffl tt W ^ ft ^ fct ® i!f 
*Ta^:t56«jtiifis,m^fxs:ff#sijii?t-,afroffl3)£Tm^ft 
f ^ (fib Ji M ft ^P ± Jit M ^ ^ ^. S lit S lit ^ la 0f ?E) M. 4g m. ftfe 

300lfff). 1833 ^ffe4ME!ilft(NUmberg)^-&e?^^ftf»®JT-1' 


23 « 


0 Mfmoho/c^yoMpA Menry, 1880.4S9. 
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1841 1849 ^.^ 

^lfe62^H^,f^b^g0^W^6m^T^^^T. 

!852 ^^±TiESC©So 

+^» ®c W W B m S 7 If iij M « fin i& M # % H fill ¥ g ft<I-£!'I? 

^4.^?^7S=gW“i;»f3i^«F\ «Wriiiflifi^ftffiMmi^(Glouce8- 
teOISftjSo flb*-^^§S*4ig!liF.(a* l834^ffeg57ffe«ai^K 

yfS7 8i*^#. 

a 7 fife - ^ *t lit iS; 8B W » #. ^ A lU ^ fib it f¥ ± 7 flfe W 3f i«. fi 

ss«aB.A3i«t.ffM-i-ASis^grfife 

a@.^S*,&S^A^SIftW."®*7a7-at4!c.fibW-SSESSWW 

fStBa-AJiW*jtM,B|J4ISM«*±®il*Sp#Xt5feR4m 

B Iff a @f # M 7 ^ ^ * iilE it, a * ffl 7 5£ M »r # ® iX w 

:^rfe,^#@i:7“BJtFra%^"Mje§0o 1843 ^,B»taft:^7fS#J^ 

^iiftTl-:aP&^(Halle)fib:SfMii;lgJ6«W7 1820 
'-^0 i825 ^.s^f&F««ttfjffl7*aifij^iiDS. 


0 Proe. Rojr. Soc. of London , VoJ.24.XVni. 

0 Phii. Tnuu. , Vol. 133.303—327;So«u^ Papen if Sir CharUa WheaiU43ne, London, 1879. 


127 . 
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^§l&Iffi|S]o E«W»S«*ftl839 ^S^TiE^^S!tt1-WiES%iS 

aSi0iCNewington).ji-^«^EMJL^o “Seff« 

ttW, fct*ii&(I 0 «E4^*:4^ W^^^^T^il-'.Si*^'hfif| 

lpmSft^SlP®ii±o'’®i8O4^.fl!l*«j£ffi^W450fliSiTr^ 

mxc as^a^^tfessRiaEis^sgaflfe^ 

«:“Sfii[T-^a#f[i!i^tfj^k#sis,i-:i«»a± 

HMiRo ^ftiltBt.^^fSfJffe«M-4'feaA?fMxrM.S-h 
TiE^WSiTXo flfeWa^9■ilr&!lX^^J&;p^4-^^tte-l:'!BM. M3t£ffeiSt = 

.”1831 

m«M^w^^^±TieJSwaii¥c 

18154^ib® 
aS^A,flfc3fc?FS&Tat!)ftW5f?E.^S i8i6=^ie^Tflfc«»-mife 


0 6. Jofic8« Li/t and LeUm of Farodaj > 1870« V<J. 1 .19. 
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«^S.9cam«!0f^££li»i1# i820^MSg5G 
1821 

fl!li^^&M^#i!Jgg«iK^^«^&^J%8^[MS^SJ^o 
iEiiP@lfffi^iiJW-#.i4am?Fl!& 
ef^EfiSM^^.ft 1821 ^ji®iriB|i?e¥J!i.ftk^-t>: 

m 19m 

a SI S * fife m ^ l& M ife S; S ^1S PJ Sc ® m ^ ifD 
,«itfDffifitmiE^Hfeil.5^ .ftfe-j^c1feSWy.Sc 
fit sr-sapsftsij ft-assail.® 

ffl 19 ffi^cift^±Mis]«„ a 1831 ^.fifejeaiTiiti^si 

7)cffi+w«» l824 ^flfeSfiifeijE]a,Stj«f^iT4 

WRiJ.ftfe 

1825 ¥,ftfef^-fs^g|iiiii%i(E,iifs 
mKlSlBl#ftSaiaSPfftS^ttftfea#PJ, 1828 ¥ftfeXf«;T-i):fiW 



<ll John Tyndall, Fotodoj at a Diteeaenr , New Yoric, 1ST7.12. Ifi. iS, Muiiaei Fa/aday by S. P. 
’nMxnpew(1851—1916)o 

0 SI^IRSffcA^^Hietaical Suiemeni reepecling Electromagnetic Roution*'‘f*f^T ^ff)ll V , 
Experimeruai Raean/m .Vcd. Q . ,l59^1&2o 
0 B.Jonea.|Q±,Vol. D . 



19 t ft / 179 


1831 ¥ 8 fife 
20)o ^fB A 

j^tE9M 23 b 

X ft 7 % m s«i 0 f ^^ a y. m pj 7 - A (if 35^ B. fa * a flg if! ^ e. 

■e ^ ^ ^ ro ^ 3 ^ il. s§^ :^J. ^ ^ lit iC B 3|E 0 ” m ^ 

ftfe®t7-7-«tlffl1«.iit®*i)ftTt-ffli^S&?l«)!£^fe'&^®3fc. 

/v,SffiSE^»r?F0=t,SBBi3^M«®^(*«Etf-)±«|5 

. 

Htfl fflf« 7 o ” a ^ ^ fP H JUt ^ ^ ffl a. 4 ji 
m»cisa<). 

1831^ 10B 1 B.fete®sat7«4%«[o fe-fs 

ffig.fE 13-7-law 
iO^%ftbfif)*flfeaMm^fflgf= “^%iilE^3I^»rWW 

# sij [ * it it ] M .m a M a, fa :e a ^ ji sn lit« n. lit Sc 

Bt@£ lit ^ Bt . # ffi *1^ |Bi fit SfJ $t X 0 Sj ■£ 

Bf!Sf4»±.”W low 17 B,flfeRAffi;ft«E«tifia^^* 
+l)£j“i7l^#WfSao Wa^3C3&M.KWSSi|sfSJM 

Ji3fcSfftfT%flfe«%ito"® 




ll> ftBCHIft Experimental Rexearehet in Electricity (honion, 1839, Vol. l.}’4’i£i$Tf£6^ 

3^tt, tbis. 0»nK>U’>ia<u.ifar.No.81.1£l2JII£^'t>«(:£n$ttJllfr^73t:^ft&ti[iRB9 
XAJRB^o 

• ffi»$1iffi.l933iPo 

—#tt 
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:45 


-<lfe* 1824 ^ 

i834^.flfe?IAT“Faffi"^n“fflfe"W;^iio 

iR ai'£ ® - #" * ■£ a # j» ® ", fife ® :e/j ub a ^ «^1'^ i^E - w 

Maife^tri5ajffi^3SSiWS5tt.f0ft©a»flbWW^#0fiiE^Go 

M,a^Ai^fib?£jSWfhAffl= 

. 

Biflnc)„ flb,&iift«;K¥^A 

X . fa * fife ^ aj tt ii s SI w «i ^ o" ® 

a fft aj T, fi fft III« ^ Sir. a w i'i^ ^ fs jit s ^ it - 


® “4«<nw«ia»ff«4>*a#-»tt$,■&«*«»#:fs)^»?E#«»*«jt 

W0^^1feW't.‘a^I£o"P. W. Bridgman. The Logie ef Modem Phytiei .New York, 

1927.209® 
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^^(Joseph Heniy)dJ^ftai^Wll^EM(Albany)o 15 ^ 

0^ffeSfc]aAWSfta0^^^i,fiSftesP0t65±5?ieft=ai?ft!t-^si 

1826^)®TaaM«#*tS= « 1832 ^ftfe$Wi^#:W:»r®^KMS 

i846 ^1ttTSffl22;W^®«9T®«#KMK-feo 

M ^ «R {3e® flfe iC A * W W IS] ?6 « ft « ^ « S Hf ±. H « T ta il? 

i^a^fw^o ftftii^E;g#KBS?Tis«—8^—l^^t,«^7/^ 

I^WA;faa^TW.^ft9^ 1 0#«EESrftW-^®f¥T3fc.®ft|l 

i825^»r#^fll^TJRaW=SS>j»^W*fltti!^= 
(Lanca8hire)l{feSrW-^|^»:KeEWJL^.Ji-^S^M^4^SJ.J& 
(%^^i£>^fJft<j©JfJAc® l825 ¥@ftSW%fi8i^ffiJI® 

#^^ffiSlliteSST i8«t[«o - 

0. g is % m 0^, a ^ ^ ifc ^ 3^ sa fis w;, ^ % «E ff ± -e siE * BP ^ 


0 Maiy A.Hcnrjr.'A Stud; <d the Work d Futditf «nd Henry.**ffactrioo/ En^vwer,Voi. 13.28. 
^ S. P.’nTQnqieon« The EUaromagnet .New York. 1891.412~418o 
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24X 


Sir-# 

eL4’c 

ili S T. 16 50 fg T 4 ffi M * W ^ o ® 

1826 ^@fssew$# 

a^,s^®mM33ifi'Jttsi£iE^^^diTo m3 ^,^mM5i^m±ri^ 

ftWMtt^#slJ'e“lB?”a;iy iss? 

1829 ^ 8 ^^ fill iE & iS g& :R ^1 ^ S ^ ^ fi^) ffi ^ fi^) ^ ^ # 

fifa &fl “ 5S ” fitt ^ W * M ftJt ^ T jS Sft 4-4 ift m M ^ 1^ ffi ■& . fi # S(i T 

"g«S.4 

-l»|BI«(?fT![l!sM®^^^lm^^^^-'^:^F[^.^^|J 1830^8^X- 
'^®^l6^lE^|JMH^^.flfe8fc)(^a^»fMs^l3eia^TT0f?Eo"ftfcy.«T'£W^4 
m,^=i^ i832^S:ST^Tiai'f^®&«):SC*.IS^^<Sfel*J£^4>W% 
S«)®o 1834 1835 

^<, si«:.5ese^®Mtt5feKM«S:i«Tjia«i^a!^9sCo 

- #, ? fij ts ^ Ifi S fJ R ^Iis 3S ®M J. ^" »r Bft" 8^ ft-M ^ 

1830 ¥ 8 ^ ttt 5ft M^ ^ lil ifts & m ift tfe w m - K»: ^ T a * w 

1831 ¥ 8 ^ 


(D 4m./Mr.^Sd..VQl. 19 Januwy. 1831.404.405.2#H^ScientiAc 

Writing <if Joeeph Heiuy*' •% Smithsonian Muceiianeoui CoUeetions, Vol.30» 1887, Pw 1. ,37e 
O M.A.Heniy.nSCD.aOo 
O Am. Jour. Sd. .Vc^.22.1832.408. 

<D M«ry A. Henry ,nS(I),S3,et M)o 
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1832 ^ 8 *,flujiae^! 

fi®5feSiJ^*®ito miBP?fjt&Xl^o fi|MftfeWI 0 lSCS*»T±^ 249 

1832 ^7^ 

&fi^9fe.-tfe-a^STfiiifc;S:^0f«[M*3ao fe^iEm^E 1831 

Sir.SSS^WHffl.h&fiimtSTSfeo ailfc,tt;5t«^^S«TteaiSo 

1837 ¥.^^«J5iJTI^B,?f^P3gHM*^a^«fn^Tfe3Sc 

^^mTo ^rftjmBtiTffeegMaM^#*ir«t>4-ai±fe^^ws!ciS£ 

Bt e 3ie If i« B? ii: “ n a ft M ^ 9ft i(f >4 r ® 

iE4n®fnegSfyW3p#XU%M4%»iE:ifeSt 

T^iiES^Wo “BSSai. 

± a SiJ E ^ ^ «t£ 05 % * o ” ® 

^njg|fr)£05*)KffiftWtt^®E^05ii!a»lj&?fJS 1842 ^f^£fi 250 

05o ftiiEB.0,*^llS05S![ftlf;fJi-#fSI^05^5c£T«.flD*~^l'g6 

^^f«/^^lJ^05.t.it05fflmW3t5Ill«^6o 1847 ^ 


(D Mary A. Heniy.Ri:*54* 

<2) A Memoriai of JoacpA Henry , Wtahiii^on, I8S0.506. 

(3) riw«. 4m. PW.SQc..VQi.M.(N.S.).303. + 

J. A. Fleming» The Altenuue-cumrU Tran^tma , Vol. 1 e 
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251 


1827 ra# 

M^T£o®i853 ^,^*-®jiiiai;S±^^itwffi6<iw?E.fifeiaaaifew 
IS # ® ^ ib , sfe % dz« ^ ji ji as w= 

^m i83o^(?)M“^*"a^*;?p«giet'C'.u(244 i83i 

m,C.G. 

W*¥WW?ZS^T 1836 1838 ¥,ffeft!]$T-^i«S^#&f]« 

^T^gs»rl50^wgil!k0tia],«3i-s*® 
fGa!Q?trT^^c 1839 ^.«ISM j.P. 

S gif 4 W « Of fct # («A ffl M {It S ^ i W jBP ® « Bli ® 31 ^# ^ , 
M ^ {Z a ffl # ^^ A % fib I* ^ 16 a “ a ^ IS J:« 4 til ira ilfc ift fit) 

#M^ii<,”i85o¥«i^*!ijgT-^^ai,'e?^iTiiiis^64i8 3^i- 
■K M % A ?£. 4^ 5IJ a - «!] $ ft, ;p SI ;fC 4-A « SIJ ^ , S 
^^#iS#AWglWMaggii*hft-eW«MBtm.M«^W{SCSWt^A 

*Sl|^4*a4*?ggWfX«lfi„ *; 1819 ^flfaSiJTES?,®3Kf(b 

4as?FifrT«!ia«Mro issi ^xm 


<D Memorial of J<meph Hen/y, 1880.2S5,396,44S. 

0 »« 4m./(w.Sd..Vol.35.1g39.259+ft7}fa, SiXfi®ttT-^ttBS 

BedeU.Prwc^ </tiig Tfan^ormer ,}996.»1 .FUaaag, Altmuo^ Trmfonner ,\6i. 11 - .1892. 
26. \iXR F.URwnbOTi, Histotj <4ihe Tnuufifrmer » 
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?Eo 1858 50 000 feep 

P&MSX.T. E.B. 

i^ai g ,4Pi® T w*re w^iik^e: 

#«.«s 

1835 ¥iil^li£Ak9f»*iSSMXf^. 

^ ^ M M 415 a « et M ^J-^ M M a M. S Jtfc, :fr ® #T % ;#j 

ffl a ife ffi s in ffi m iS ®s i ^ ± ft ffl M; s. ffi ^2 f& 

Hc^lfiTJfETo 


(D «»Att±«sii£s«^a«.ffe«^an»ii»ii«ie«.ttt3ci&i!tfti*i^5^ 

TSf^{!{|t.SM9#TiSi A.C.Dolbear,ftttc. Am.Acad.(tf ArU and Sdenem ,N.S. «Vd.23, 
1895—1896.359e 

(Z) Nature,V(d. 17,1877.169. 
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m 6<) ^ ®, ffi a: se 4 S^ @14> WIR ^ I lit # J? tk-e 2.26 fg, * K :*: 
2.0 1.76 fg= 1837 ¥,g^ 1870 

¥ l-u Is S fn ^ T S ffi M ai iR :fc :*; iJP T, M M T % 6<] >R Ife. ^ 1^ 

iI3^Mo flilft 1831 

i® m T ■• ;/j ^" 3tE s? tt, :& ftk M .11'g 4^, m tt 0t ?»f# s@ !@ a S JiiL * ^ 

;m ^p Ife 

fife 

Pfi-± f^ e ^ ® f# ip lit :5: iSi m .a X 4* f# ftp lit ^ ffl=" 

^fil®W3SS6f*«S«a«feflfetl*ffi^flfeW^-4'SW. «f1fe 


0 #filil!jl%ni&;S:,£ 0$twM't Kkusiker,So.63» 

0 iS. Cterk Maxwell«“Action at a DiMaDce”« Nature , Vol .?• 1872—1873.342e 
O iE A.ScbUlkeio 2etticAr./. M<ttA. 4AiMrruAt.Vol.25.403e 
0 B.Jcsea.p] 170 l?^0»Vol.n. .195.tkiE Ej^erunenuU Raeanha >19th Soriefe 
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4l839 ¥f[feKi4i[Ta^^^.®^«)^ipSJ-80‘C,®:E*S^^:^. 
1845 1846 

gPfiKM. 1845 ^11^ 4 

#■e^^Ko 

*RjiaE#i?w—fefifmift:“snm-^A«s 
¥K»*^&^4>3P#4taiS«^ 

in If ^ W t im M E11!! JE a M ^ ffi IBi B « T, a #3 ii iJ * ^ BS 

EW5feA;tijiLt*c’’® 


O l853^,f&«Ml^RH-:4-«ktt»«;S«»‘lll8b«^**Klf;*:J^«*o AUlSIfif 

«<i-fd«l«ff«lir.liftS^#«ie]:^ft«|i]«%X.iua««»fttfjilh:*:K:£n«iil« 

^‘”-»45aW*a*,lRlf5a«9f««5B»:l7Z:?^*^)-i«#a-tA»M«iRa?ftja*#* 
«*«#*.ffi^ft4>u:f^tfi«ft;a#ft»i/.ifcfiae«ae*«±aiR>F»,^ai-:ixtf^ 

-B.jon».IBl 219 Ha®.Vol. 

[1..300—302» 

® 4filifi“tita”(dknuji>«ic)W‘*B”(f«i«mign«ic)aW'M5W.affiJBi|lfitiiB)R 
i85o¥«r-»«+aTaTttiS:“ffa*»eaffla:Bt,RAft«@j«^i<.H 

.aa»#^«!ix^7xt:a:«»a‘6^e’( terromagnet* 

7i!r#BTiyffl-*'(p«re)*‘*’(aiii)a#wa*.*«^ffl‘a’i!f».H*s‘Ti7'‘**’ 

(|>Mallel)a-t'HMe®Ti2ti'Efl9:6'fe»’i0. I.TodbuntCT. ITiaiom IPfcsMsU, L^tdon. 1876, Vol. 
D . .363, 


255 
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mat, 

^SttitM^tijf&W«[^^n%a^0^^M;^-fl6o Sfife 15 

ffe^imaasTs^^rwaa^^ 

W^iS-o 

ttS^^W^!W^iI^#a^o fi 1847 

rsTM:*c#,*iaamm^(Keiiand)#«![^,ffi^ga»r^tia^,ffipg 

1850^,* 

s s lit s, ^ m ^ a «>: ^IB •£ iS ie fife Jig a M M s # (fii. “ BP 
ffl3iflfe-7-A,fii)i4fftifeiieS£llbJfe^.S^AttftfeMgf#^g^‘’®o SiS 

1856 ¥fiP^f6T(Aberdeen)M^M»f*^^^(Marischa] Col- 
lege)a860 ¥*ffeagi#Ka87i 


^ }‘l- ’nwoBOfi, "Repon on Deetrical Iheorit^" , fUpert cf ihg Bril. Auociation, IS8S. 

^; Helmbolt 2 , "On Uier Vi«ws c£ the CoODoctioo <i Electncity ud Ma^netitti” , Smilhtonian Re¬ 
port, IS73o 

O L.CampbeU end W Gmett^Ufe <f Jonm Oeri iVowN^. London J882.85; ft f1:S 
R. T. CLiaebfOok. James Clerk Maxwell ami Modem Phytiex , New Yak, 18969 

® L.CempbeU end W.Genien. B± ,577-651 .WjM*<j6«ttT» «^«W 

VrWW9l(BelfMt Addrew)« 
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«1861 

. 

!K , S ■£ K S E& # A ifS ± W ® ^# s. ^ # ij 0^ ^ 

E"6^#fe)= 

«)+ffl^6PHi^6‘iaTfeo® 

«a® fciii«?xSo 20 

flfesfesij 

ai^,1883 ^«»^(Kiel)afeAlt!lrp,1885 ¥«-^^SlTa/SCKari- 


0 Afiaft«aa^*iwftw»t^*wa». ieai»(i854-i9i2)aff^a:-»« 

■i;li»l*T*S:»r«W^Xtt»«fta»#4-W-7'#!«Sitt;‘Si5Ttt-l*«%«H*iy 

EUctrie Vbwj .tiaiiB.by D.E.Jones.20e 

C) H.Ebettio KUctrioMiLon^ H. Bonion * % SmUh^ 

sonian Report ,IS94.7l9o 
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:6() 


^^32 1892^, si 

14 Id ®'t’# ?F 4& ® H M M m. ffe ffi IE 3 lat * tft T = 

). SP ■£ fn it «E S tt S 3te. ii M ^ ft ffl S ^ I^ is ^ SD iS fin T ± 

T&/hWffi;*:tt^fin±tfe:fr(SEl^ffiiSl«)= #3$fin«feiSgS{5tS-i-[Sl 

=?>fiJ1S/h= ^®J»iiJ^^±B^,ftiS^fini3^14Tm^^®:S:il]#?^^ 
mittfin^fto «a-®5!j±teffia#sssis9t,«fw.mtrwi«^= m 
^ iJi: “ a ® ^ IS an S fin S S IS: 9a fe S^t - * Sf »T ^ a i£ fin * IS ift. 
m$9Sfin*gmiiE3CTiii-aifeftn*j|=fsyi=”® 

‘■ffltti8^"finsi'«±o 

ft#&ss7ffefinismws.ffesiiiT3ssfin^iSi^efti^teifin 
i^Bta;^7N-^a^fin^^®i^^T@f«[&nmsf&nxi^, fts^B^x 

a 0 f ^ an [^ - ^. ftj % fin m ^ « s w ?E T P3 ^ 1 * fin a i£. ^lit 

»jT^«S4’fin{6SSWfflE. K*R1lb^^^ST*?£»t^finiffij^E.?fB.m 

.#*»»fin:i, iraftSlnaft tt1i05fe finis. life 
ifcft m iH s 4> fin ^ iS :^^ ® ^ 1 # fia ?n. @ m ifc ^ ^ % ;fj I® is] an ff 

iSo #i5^e^an0&i:^*ftii[iSft;L^i-:i®igiii7aifc;^ffimSiS?4‘iS 
anBrtgi4,iinj.;#jB0^feai^i'einfin^f4o ^aean^s^aw^sui^ 
^^a^*inanw^fini^i«.Bi^Kes;j-»iiia:«ifSL»”® 


CD iliSni£;:S:>KftS Ekaric W<am-*'¥ .A D.E.Jcoe. «» .1S93¥K. & Fleming. 
4fcemme-citfT*« TVongfwmer.Vol. I . P nttoa, ITieory ef Light 

i*. tfejtO.J. Lodge, ■■n* Woii cf Hem''.Afoture,V<il.S0.1894.133—l39.160,161;P(iinc«rt.“On 
Maxwell and Herta'.in Woiun.Vol.SO. 1894.8—llo 
O Hotz. EUctrie Vavea, trana b)r D. E. Joneae. 3. 
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;sD£tBSf)Wffl®w,fi5'eias^wwfT%fe^p%«fEtfM^g&4’= m 

ffi It ss M St a ^ * fflfc ?» ;e 3E M M *a w=® 

Tffi61)atfe= ftteS 

*Tfi#W0 

® ^ IB ffl ^ IS ?tE ffi ^, tt T ^ ii-'^ ^n ffi w a. tit is M a ife 

ffl 0t«^ M fiS tfc T; ^ m (g ^ « e «E ^1 ;3c A «14 o 
^ffiSWiSCSlBSSW'fiBM^So fl!lJiaiTa#Wjffi^:*®ffl't>^J- 
T:t[^w*#»iSE.a*»ataiiiath«i^)-T«jrifeSL3E*Mt^;£= 

«l!]Wflg14M5J-^^:'jW1Sittifii!inf^ffl*.iCII^^)»ffa^a!lfeo 
SESilT-ffl;«fitttt--1^S±IEWiK 1*. SM«^fiSSPIB g i^ 


0 Comp.Rmd, . Vol. I ] 1.785{V<a. 112.90. 

O /Vaare.Vol. 50.133—139. 

O &ectnCTaA(Laodo(i),Vol.39,1897.686i{bjSi 0. LiMlge«*HMttiry <j( the Coheres Princijide’’, 
FlecfnetoA, Vol .40,1897.87—9U 
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262 iia^mtEm 

it: ij itir«/Js M ^ S! X « - ^ !3E M ® 10 fiS ft ® 6«i ® SIJi 0! 

ff f5I # a ® W ^ M ^ fiS S WfiS ft ^ m &«J ffi ^ 4> «P jg fiK - # 
0^. iKM^ft,&*«STSSft*M^ft= 

ft!l It )[IP fy ¥ Ji E& ^ 0 E, @f W - ^ ^ M 4> - !> fS] E It ;*:. It 6 ^ fi-^ 

M ^ , lit Bt •£ fn M ® ^ j*= 4 fit ft ^ @f 

iSo” 

S##mft;/j^fi6fttS*W^^. iafniJiiS^SPBtftiifSt^-«£MII 

aitilxt#^Mj^S^px=ffirTX^P#gtXWi^K. I870 ^,fif^:^±7fc 
X ® W # T a «I MS'^ ( Troy ) M ffe SE «I ( Rensselaer ) ^ ^ M ^ 
^o sffes^T;L0if:iiWife 


<D #R] Ewiiig»**'nte Molecular fWeaa is Ma^wtic Induction,’‘/Voairv.Vol.44,1891.566—572. 
5muAsonian ,1892.255--268e 

® ftflftiS. *nMaruis C. Mendenhall,/l^cwf the Smiihetitmfi /rutitutwn /or 1901.750« 
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0ifejC#Sl^liE'eS:affi 1873 ip 8 

^6«jfi8*^arfew®Wia^TW= ?'Mitm,iii3t«tt»;fi<jfi8A^m^u* 

WiBi^«[W;t9o"?'^»i||fllT,®S«fifeSiJ®ciWatt-^o fifefeffi 

Maigirfa0^s«lfec 

^iSo 

6«i889.i9oo^xs*Tii^si&c sl]apBt,'ewjEefc^4e^#^lJ:|t 
iJ^o 

±M0#xf^.Sj«;.W^^±lS:Sflc#fi!iingBW^W= 

— ‘•^nmn-mmi\-'Arp 

-«Eft![? lfe)S0^^Wffefno‘’^SMflfe^-1'«tllA-ll'MA.iEiPffeWfI 
^ - He ■& iffSa f I @) 19 ®, flb W ^ W f^ » « M f J (Keely) fit) X , 


O R. J. Strutt«Fourth B«ron Rajrleii^ « Jo/iA WUUom Sima , Thvd Bonn Royieigh » Loodon , 1924. 


146. 
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i^0^.fett696FfW 

6^) a $ a SP tt JF ^ @J». 1: »r ipJ JW. fife ^ w ffl »f * Sf s a T. 

^ iifl: “ s ft M ® le #■ fit % # M. * PS is ^ ai ® i£j'^ s 

7K-T^^?lEt^)l¥»= 

:tfe ^ 

4 P^ «lU ^H. ^ . ja « ft ft iS a T iS w a « « 

Mff[?SBB(ftJ)S.1790^(ffeiS[.1794^)„ MTKfeafi^SS®«[a(B]M, 

j£S»rtiaM5Z(Chri«iimia)AX&Wfeft 

ix»r»* 

- T «¥ ^ ^ il!l ffi M . ^1 ;ii!'ft iS ^ ^ lU ± M a a fltt ? " fib 

ftblSilbmf^i^ftb#Sief?EM@g.flbS[*Tfe:^S|5)iSl 
j(af^sst^^ff,faftr?eiibMB&ir^Tiibawrai'«ftMm^. fib 
^ «S fi ^ g| W ft m $ ffc 4> ft »T til ^ M ^ j£H6] 0 *■ is id W t. W 

^B^isiifimubia-^jf^aissw^sg. “Htwift^cD^wafBtwfife-i-ffiftb 
fl6«fWttiii^i;aft-itajHffiifijftA©F?E3E*w«SMai®«A. 

1828 ^4^ 25 0 .flbfnA>.ffitt^#. 

8t»faaW#iS'i<b«lii.ffi0f05fij3E 

??4W-'haft.‘e?F?ET4^^aftilHWSP^fiS®.^fi:ft5F^Titb 
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t: gp W S ffi if] 3E J t M ^ ^ ^ ^4 Jfe iE W Ifi ^ ^ Ji - ^ ^ 

W. "XJ&.^ETfe^iXIfr^Waife.a^glf^SiWaifeSISWSja^ 

l&I 5ft W ^ a ffi W S I? - ® * « S M * W ft iil 6<). M m 3t« 

ffiSffi&T i834^,:#;SP5)-g^ffi 1842 ^ft 

ar^Sifeo SimW^TISM^fa (Wilhelm Weber)atf-T-#M^a 

^ssswfstssc i9jmMatfeeM=F*¥Bf?Eifes8we@^ii'&65^fk. 

iUfS^fSifefeMS^So® 

nmtE. i832 ^gTlEW-«ifeiib«WifeS:'f •ifttiiTffiiPt^CEft'Jo 

I?f#iyw04b8)fcj&:iffl 

xn^=r- 1846.1852 m 1856 M.H. SS^tfcit#l-U- 

EKUsn^f* i86o¥Simi.u-fg*o‘CDifw-?itfe.m«ffi^^-T:^r* 


(U /W. «oy. &»c.</£fl«<(w.V<a.24.1875—1876.V. 

(Z> ^0S A. W. Rucker, “Recent Reeeerehee lo Teneetrical Mofnetiun'’. Satan . Vol.57,1897. 

160 H Beqo 

O #n frank H.Bigelow.“Abstract of e Report at Seder and Teneetriel Ma^Etetum*’. Bulietin 

Sa.2\, U. $. Z)epartmeni a/ Agncui(ura.l898Q 
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l88l¥.^EEleS 

^ W5fef^Efl Wl&g^af^ai 

B.Ai^€^ftJS*/^T. “fe;^wg)c«i"a 1881 
M^M^ft 1883 ^l|ffiB^3l^fflo 'EiO'CBt 106 M?|fe-fcc.ftSlRffi* 1 ^ 

106.32ffi?it„ ft i892 ^^sfe!i#w^ist±,»a.sfeafni$ 

“B.A 4^iF"«“fe^®t!!is"SE 

106.3 m j|tiS;,ftm3£«(«®T®if 

14.452 i:^Wftfl¥Z*S«TM*«ftW*H. 
*«ftW«®,®fc«T[ilia^6*^ftO'CW 1 

ft 1893 

6«J S ?tF 6^ # .5!) ^ W ^ fit ft. lil a g iSi 6<) ^ tiE » 

W#P«Sl^T = 

Afnft l9ty:gB^«lil^x^ap^i■fts^t1fif)®^%a^fTfFaw@f 

^o 1853 

;i¥IU^,l69fliffteft'Jiga#M‘g:^.«S2jlJnjtti9JSlM 


® Ro«nberg»,|^ 15 Stt®. ID -. 302.514—519; A. Kiel, “Ge«hichte der Abe<Juteii Mae- 
Minbeiten*' ,Jahr«$b. d. Kdmgi. Gymnasiiant n Bonn. 1890o 
0 H.5.Carlujt,S«0ice,Vol.21,1893.86,87. 



fl<JSia^ll^#slJSiSi@a6^J^^.fitc^se^fc^ferAw^aaiac m^ 

#(MUn8ler)W^&ltA« 1869 ¥a*i!l5)-BIK&fn^**lMBlf 

s*ssfr7 i878 ^?Fi!& 

•2^?fM^5&£^t^A^^AiaSglEijep3feo 

T M isi , A ^ M * s !a^ ai ^ a pi'j . a ji ffe ffl ^ 1 ^ ® « T i 

tt E in ffe ^ A ^ a ^ 5J-7 is ^ ife ^ fiS lil. ffil # «;2 0 

w lat« ^ ii 17, ifs B. IB w E A w M a A*. % s ± 1^ tb. ■£ in @f a sg fi<) 

M. BP Hfe iA A. fib a e tiE ^ ie ■£ »:<: A “ ffi n 1$ It S" l£ ti ® M “ lg 0 

“mE^”wa 


Q Rotenbeiscr > n 15 SS0» 111 . >521 e 
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Wafrm^%Z^o 

M It ^ M tt a 6^ ife iE a tr a @ 4^, m M (WurabuiB) gg ffe ^ 
(Rontger.)®:^ 1895 ^JfeSET-WSf®tfjlt^ ig T:^tH:^M 

^5tic ffeJfeBe.i£*i5;»f't^feltW-#ffllt4IET-5fe2^Wfttfc®® 

“fft^it^A 'efnR^fi^tii^^nf;M®fit.ife=f;a;9^t±i5ai!aiJWSiit 

mmmo j.j. 

-)9fiBW“«^fe't’'-:^^ltS£MffiAWMo X 

1896 ¥TE«f^tliTS5f65 
^ BE, a BE S 3 ie 3 ^ SB [Pi 4 " a i ^ W fl] if ® ffi It ; 5 : ^ ^ @114 W 1 $ 

Jf. 4c^J-Mj£«]^Rjgi^««-!aS;«lii5^WJL4^ifP9l*A.=i A.C. jJl 

iwxffew^Misit.'eig^ii^ft^«ft^«,mfi'exffigE5fit 
mmm. ^PiSM#l^^1e^mw**tt^n'ewtt-^%@fSiuw^^^, 

g.c. fi£ffii#w^A;L4^i^0tSBE 
Wo itst^si«?fit.is^tiaii%SM«[««o 


0) nVitfii^XSL £<acsria«(limdoa).Vd.32,M«TCb2S,1893tVQl.33JS94J^ 

0 Rontgen, “On a Nev Fonn d RxiUtioo" , £feEthaaA(Londoo) , Vol. 36,1896.415—417, 
850,851. 
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1865 sap 

¥, ^ ;5^ tfi ^ (Doipat) 6fl tl ff »I (1836-1912) W S iiN ^ f<J fiK T - * ® IS 4 

gfc*aTftfew^is,ffaJt#«!)S 1879 

^mfi^tfLSSJiS 1880^E^ffi^Wm«JfPj.R. 

i£W. ffi^R^S 1881 

#tflSXS 1882 ¥« 1883 

ii # 

ja^4j6»JHSS 1821 fft^ilSS^S3l^^^(Reval)(S 

£>;e3E)o sf&i7^0^ffesfca5ffTgaMfflg,itt;gs*0ia. ftk 

f&¥3ic^»&,5TiitaE&nfe ®m 

1802 SIJ 1810^.fl!lttS5P«(Jeiia),^ffPW.IIt&i^,$^.®;Sga^ 
flfe^gASMo 

^^M«R.«SffeW(fei£>-^54'fil'C.'iiaXSmnfe«ii:^Ta 

T1^ ffi ^ X 4 3I[ M ffl S M S # J® *», ftfe ^ T * gp ^i-^ ?n §P ^ a 


(D Uppeiibani*a 2aiMA^./. angewanJte Elehr. ,1881.199. 

O Enginemng.\<^.35AmA. 

<3) #n }^,Wuubam ^ V.Seh^m EUceidM 

(London) , Vol.35,1895.382—388.t&j9, iolm Gncj^EietSiieai Ir^hence Maduna ,WhitUker Sr Coc 
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|BIWafig«±o H. 

%#T^eal^BaM^.ia^lieTA^^®AW^si5f= s*t 

-”5 T:^*«61 ^W¥ft66^Wffr,BP 1800 

-teA^^5ia^!S?JiFf^= «*t&fl!lWSKtfflW;i-^*2 000 

#A^4N0t#S.!i*ltfe«ii3Tia#ii»:fe= 40n7W%^gM^Ba 

1861 ¥S^W,EieWtt»!«4 1868 

A«.ffefnsp 


<D A** Memoir of Peltjer" • 5rrufA#omdA /Upon , 1867.15S—202e 

/ 
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1847 ^jfe^&f);S3f£Sni"^nKftfeAf^ 

fUTit^STto 

iS5-&S4^To 

#T<, ft l877-i88O¥)ai5I,Jfe0j^inffi&*R#TfeMS:0,^,i^^rffiil: 

j.w. mew 

«S-ffiftm.H.S. |gft®ji§.W.E. «M.A.P. ftWSiiio 

ft m M I& 11 s a ffi ii ^ % flE 3a K ± pj s a w 

M= Sia^ft i878 ^sfcegii#ftfcii,fi^ifeji&®^^=gis^iis 

mefti879 ¥2H^A^ft®tiiT 

wis.^ft 1879 ^ 

M#^JmSilHWSft.ftft l880 ¥lil«^tMa^t^f^^^*TMMo 
^ ® ;t fg] M S » M fil ;t ii Ife S. «i ^ A - C,'M; ft it #T ?e ia A S 
^ ^ % w, M M ^ a ji % #() w. M s M. m i-:i R - ^ m IS ptiu 

M.H. ffiW-itft 1850¥ 

^¥WJ^ai-5fe:t*^^SWft«i9ft 1873 


iD WJS. S.P.’nMO]p 0 on( 1851*^1916) f^Histocical Netee”. Dputmo EieOrie Uothinerj^ 
0 i¥% F.L.Pope. Evciution cf iKt Elsorie Ineandaeeni l^^,\9S9o 
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%$jiEbKn7^ns^ms;(Hai8Le)M^7 1879 
S 1883 ^litSir, 

4 a at, 5? m W H1^ Ji * a M ?S iS ilR, ^ , »T« ^ A ?lj 

1879 ¥* w. 

1885 ^ft*PM.(Turin)flbft<j3Ei^^4>f'Ji£#ffifflM= 

MfffsrA^5ttax^m«J^®.^^fi^M^tltaslJ 1888 ¥;i-s*ffeM 

ii it & js m m ? fij w fiy at ft w w ?E, % fig ^ 1^ a a A tn gjf T 

1833 

^ 9 000|£RWffiiS[|^5&STm(!&M%lg^o 1831 


0 5i 

Weliei^toD A<iaiiiB, '*The Cvdutian of the Electric Reilwey" . 9, W IK 7 Jour. of the A»t. of Eng. Sod- 
itiettd Septwnbff aad OeUiberil884o 

O SL^X,& £tericiaA(UHKkB),VQl.36j895.281;&^ /Voive.Vol.44,1991.617« 
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3teT. 

fi'Jit&Ao ffetS0cMAIffiW^K4’W?ja£A. 1832 

®tSiWE^fl<J»;tra^®T*}R^o 1844 ^5^ 24 0,^,ti^3l® 

1837 ¥Sl£ffJi&To S-^®®W^§8 
ui:3&JS?!ll-US,m-^SS*^AlS#M^§gT i857 ¥ffS6«a. Jl^ 
l-Ut(rf^T£fi()R@;t-:tifiilT 2 000 

inM. *:S^^6^);^i^apB^i^^?^E^aAws»i:^:^b= smsaft 

1834 288 000 3IMMi®S:S^f^^lJi L. 

55: fit 5Eil^ 4 s; a W fe fit m ffi M @f ^ ^ 800M W la T ^ K M $ 

^S*o 

^ ^ M ^ ¥ g A if ■ a is at (^ ?f ^ 86 @) ft fib 

i&»fffiftSfrR±Wam4>f^Tlll¥i|^= a^iift^^tj^isatft i855 ¥ 
5e^TE^^#^fs±M^^iirs3?WifeS:fg«o 


0 ^‘‘Suien^ d Prcfeseor Henry io Relation to the Hiabory of the Deetroraigiielic Telegraf^”. 
Srmt&Mmd/i Rtpon ,1S57.99—l06sWiUaam B.T^kr,“Henry and the Telegraph" , Smuhsonian Report, 
1878.262-360,«S:*i^aJ*T*«SeW#«rt8. 

0 WiSi W. E. Ayrton, “Sixty Years oi Submariae Tetegnphy” , EiectridoA ( London), Vol. 38, 
1897.545—549c 


279 
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i^TY:f3m^¥^ 10^^ 12 1.8 

* 1858 ^8^50 iis.&aa 

w^ps^65Mo"i5o^?«M3o/ms^= 

ti-lfTft i866¥M®j«?tiM«fW:fcMi¥%9SM«SfMtl:fi^. feStf- 

^maa. 

aife±*¥W^SS^J6* i854^EWajJR6<)ifi-tRigilFM(#3; 

it:?lfrtfT*TS^*AM^r^^.M:“SSi'](m^»r)3E0UjA 

io)6«j^ESis,swTi*. 

(Friederick9dorf)W^flJ#-|l!m«fifcflb&!)if^lS#l^?jfifc^fff,SM 
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.I874 ¥.;i^a 

fcb ^ [■ ^, S fib M # S16 S iS; W * jft ± g j£ ^ fib fi«) ^ :S: 

{f o”® isei 

*iS^^fe,Sl^&T 15 1876 ¥.mil^S0J7fibW1^AW* 

^tii,'ef^*“«'iitta"-jLfflS'ja&. i876 

*ff M fij l£ a at, fib ^ ia ^ »f fit gg S ffi 15 f4 :«■ ffi ® a tt iffi >te ^ s. 
ifiiS^ftgAAitbfi4a®iifif)JiE$$o fist, sa'^^l^gg^i^a^^."*?« 

a tb tt -1'ib 35^ S » # S E « - jg. fib M fBl ® fi?) fit gl ® A ^ a. K * 
H s a-e * IE fie ^ ii e ^ sp iib 0 T ^ a o" ® 

i(i3tE^^I.+&t&;iMi5^®tf#fib«4igta^fII&ilNJ-A(1876 ^ 2 
^ 14 H),E. 

it itn*Sf ( F. C. Blake) . fa #^ ( Beriiner) , ? ■?m ( Hunnings) M a tS 

* 1865 ^.W:»r4«»rW4TSa±fttaSl&c 
4 Blf iij ^I^ IS 5tJ« m-i. W. fib l: Sr ?F fifi T fib W W # am ^ T IS = 
ft 1878 ^,fibm-!»:ftfibWiJ^i^ fib 

WSb,?S3£?Pffi#Mm^A= iaW'SfS^*ftSl^teM1^f±,“itmS 


Q f^MVidoA(London) ,Vol.34.637.t&JSt S.P.1lMii^}ion, Phiiipp /teu ,Lmtd<«.lS63« 

O Nature,WiA.19.160. 

^ 0 SJ W. H. Preece, The Teiqthtme. tE Ihottm Grtj ^ “ Hie Invenlon </ Telogiroph 

and Telephone",ft • Smithsonuin ftepon , 1892.639*^-6570 
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:?*-fL¥iJff^ja.?&w. 

SiiJfc.”® 



berg)Mj£a/EJi‘‘^^;t5£:"o 

ftfe;SB^T-Wfffl^«S(eupho- 

ieries)^^fiSftS;5G9&.#-a^3£fit;s 6 000 S S M 

*ft(?^^>(^'3(KX i8O2^)S0i^^fe:J;= 


(D /Vfltu«,vd.55,i897.497.^^%fiia:ife#.“*@*«tt*is”69e««asBrs 
Electricuin(l(mdon) .Vo].34 JS9S.395c. 

O Rooenberger, PI 15 M SO«ID .«1259 
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^ ^ T M # P, lA iin« ^ T1!^ ^S ffe n ^ . 

flbffi i800^W-^ife^c4'>^5tE 

X*^fe6^){g^ffi^^6^)W^^)t1llftT'eo E.H. ^ 

1657 $ 1667 

£B3tE. jSJi':^iA;:^;JcJi3H4{*:,f0f&^&g 

^ ;K M ^ S a «1*1 ^ S fJ 1¥ M H :/j a ^f ^ 9&. S lit Jh T-e &f] § ■; 

T'STJ^Zmi-to 1827 0 0 

^#fil9(l803-1855)^#5lJTmA-J^^W»^i- 

iS®^5&*«^0rtEiWWft*;a('nionon)W¥'«ba(Roiie);t 
fB]ft![6«).SIs]?g?^ 13 487 3|e„ «-^i«»«ifl!l-^#;8cS'j7kT.#fflM 

ftfefnS 

se.aa®;iw 1 435 

M'taa£>fft1^(i79i—1841)* 1826 ¥iiE0^ .^ffl[*7k4> 

SPSo fttemPJfa#l^^^24 000)^:^48 000!*:MISt$:^tbfi«jWi«.ffiiE 

14 i>c^ 16 iko 


2H5 


lCS9S^«'JigT^^*±M-^SrlB7n,m* 1863 ^tUmTi^ 
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i870^«||[:J:lgH)SE& a.j. ws 

W"c ;i^@rWMiSWMWiiSeW.gW«SKffl)t^®S5fe®T 
W^o 0:S8W5fet&ai,KW-«>16^^j^4^«itW±^J-W,MB.{X 
ci**wa®,iPffiwMwx#wwigi^j&iCo ^mm^mj^mit 
W ® ft<I l; ^ gp M ^ ^. a ^ iR ^J-“ ^|t ® ± ^ 1^ T K ^ 

M,S:fc*wa^^w±^i-waiaiw,w®^ji«„ 

W 0" ® 3C is S 3^ S W T JS iS ^ «S, fib la a # {S':5}-T A M ^ W ^n 
-KiJ^Wo {lbaii{%fiS{St«SPWXWW^W.fla5!iHbJ^iTAXW7c 
W,'e:{n«fiSifegH^TA&MinWo litf^#&fj:^r{£{lb«{STR^WW 

^"o 

W 3i)«lil S g M: Sip M {6 »/h 7 3£ A 7 a ^ , PJ 5S jg^ ® J iB * ifi 

«[@iiT^# 132 S[PM^-#^WSIS 

w-ewew.sPAit^p^T^itwwr^siess^o tbg^swffigw 


0 Helmholtz, Sematkwi Tone,tram. by Ellia, Latdon. 1885.118,119. 
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?t£, ^ i® S 3^ W ffl ife sfc)»T fh ^ W 9^ 4>«ftf W tt ^ M in'$'A lift 

m- m+ n. 

^ffi^35w#Wo ^m%^:f3iitmrn%o «ws*iiiixa«= -ea 

Eiftww=sw^^ist«sfiiit«7L;E 

(1832-1901) 

^IS g^ 0 ft ft ^ )tfr - ^ t g ^r il S W i(E ;S:. ^ SS S iS ig ife r. 

ffelff ?J T VJ. m - vn ^(v + l)n - m ft75^9^^M'S .SM m > n, v Jfe 

ft(i; + l)n :lK4P«!Sl^&iap#®faWWitftS# 
WM(1850-I919)®ft 1890^»r^.fti!Sa&&?)ft-t-^ 

ft)EMT E.L. is59^^^m,mtiiTm^mmu^ 

Ac iiiir%(4^^a#sksw.ii(S['efnwji^®iSi[tMJ[o A**)t 


0 Wiedemann * $ ATinaUn * N. P., Vol .40.652*—660. 
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gs ^ S W S «it (Salem) W i* ^ ^ E ai T S ® se ^« 

1815^,^«1#(Vennont)|fi^«(Buriington)J«MiaS«SS^T-m 

aisifc^c 


O #GI J.Unrering.^AmkipatiOQ <iS the liiiijoiii Curre^** , Aoc . the Am. Aead. N.S. . Vd. 
^•292—298; Dean ft Bowditch Manoin of Am. Aeod. €f Arts and Sdenee, let Sefiee.Vd. 

IQ .,1815.241,4136 



20 Ifl: a 




20 tfl: a W fr 25 ¥ BT t& ^ Hb H * W , a aft M S M ^ 

i895 ¥jeaT x«gi.E«w^ipj-jS35; 

^4AA,4.« 

S3|£®^^gM*AW^S-m^¥'^A»r-^®.7 1867 ¥lil4^E 
W.i[tM5t**i^«J^-^#@(lyceuin8)W^a#fll|SC#«S:go tifi ^91 


Q Marie Curie, Pi^re Cuhe,tnm.by Chariooe and Vernon Kellogg.New Yaik«l923>^AuU^o- 
graphicel Notee”. 155—242. 
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!W,®S«fe±iflat§l!!t!!W^^o 1891 ¥)lfe^#*E|g.M64);^iaE4 

Spa^E. i[t!!ffi&-^®«!?M,&^^^(Sorbonne);*:#^-6:^^tl 
iS ^, ii ffi S ® :^j, - SP 1^ @ JlfBfe e«)» ^ * ea iE ^ ^ = 

1893¥.i[feWm-«#^tia^«±^fi;1894 ^3tlil^-«#®(«[ 

Sf^,?6-&tf±ifeXo il!lftjiMiS±TA^^*ga(Pifene Curie),f& 

HijHij^±e«tia<fc#^K«g;fi!ifnT 1895 

mn. jtfcBti[i!!wsfeW3fc^^sij?^'j-M3£ttia^jfesft^6«)j»®i, 

iife^geawis^w^-^o 
(tik m » % tt-a tf SF ^ it«^b ^ E ffi 5J-^ ss iS w % - ^. (ife X «i« @1 

i898 ^ 7 ^.®)i 

-iiti£:a;maAAMiaao «h 

li Ai. iffi W r [ BP S iS # SE M ^ ^ R E i« »r IS ^ (St. Joachimsthal) 

ifc,^i^EBJ'ett:^hSl?^#^o S^t.tPWaiPjift^TcJfWlplSgEA 
^» 5J il 3 ; Ife A ?# SIJ iS * il. o ® i^e ^ tfl * H!« M - SP ^ «f ?E Ji iH 


(D Con^Ma Aen<iuj.Vol. 127 J89S. 12.15. 
O Compta Amjut.Vol.127.1898.175. 

<3) A'<»ure.VQl.62.1900.152. 
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5tc”o ^3feMx#S!)T;LiB6-aftr2S. ^ifefn*E«tia#KPftiaw 

i902 ^JS£iliT + ^i‘;t-S6^@E#[ 

225 o 

1 900 ^S ® S fi ^ :k: ^ ^ T ai) a S R , M M ^ A «Jft 

ifiES?MSA«i(SfevTe9)*T«^fipjS^t2^ifcSo iift^ft 1903^^® 
T!!lfe6«Jt«±ifeS;. 

W®MAAo 1906 

tt#?fl»wm^^*Mffi#st«iij®EAA-^A#±o mmar 

itt!!{6<|#T-W^«,-eBa-^S^2i*^ft'tt; 

#. [^-»;]l«:^Aflft)t8fBI.@MAAlUlt^?&jfflE^Si®#iiD*f[|^x 

(Colorado)M 500 Utm^fV^rtlS^dlSfeMo 

Wiicilipo 

«,« 

1900ip,A. 

JtMPgSllo 4 I900¥£^,ft F.o. ^^XsW^g^T.-^Sc^^fcfc# 


29 .^ 
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|iti£MfJffi#(U8t)W E. |i-['&S-l^^(fim,ofE.deH«en);ii:taTt]# 
± Sif, ft S W ft; ^ «“n ^ - C.'«tt jfp 9^ W IS # T ^ 

W gfc ^ lii ^ ^IEP ^ W « ft;«ilE m ft;« W - # *, ■£ 

i9oo¥sse.i S4^ft;a$#^t«tl^£il 4.2xio-"j^ 

ioooooffitu±.®^flfeA^7«Mte 

M«liR^«^adlilS^&f):a3go «MKT(Aladdin)6tltt«'-#.®W 

3tE« ft 5)[ fiiit gs ^0 5ft M f^ Bt. M a life iS] a j» ^ w # ii ® 8P 8B ftm 

MMfife=®wyi:“5pftfgft^iiisa— 

iSff'Sgft'7timaWAn#^JS'JS<n»». ^I«;,j5;ftj5;»f®llttj 


Q /Va<wv,Vol.62 J900.152. 

<2) E. Ruihcrford« Radioaoive Stthsutncti , 1913.17. 

O A^aiw«,Vol.6l,l900.547. 

<S> ^amrv,Vol.63,1900.51. 

fN£A»-«]jBan«9o —»s 

<S> /Vofti^,Vd.62,1900.154. 

(2) Gustave Le Bon,Evolution of Matter, ± F.Les« «Lond«i,1907. IBe 

® iVatttfv,V(a.SB.1898.438. 
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W :*; 6^ It ^, ii ^ l^ ^ H m ^ ^ ^n tfc sp # S1^ ^ # W ti ^ )9f >S o 
“ i& It ^4 % ® &<i M li( T rt fifc fH 16 » ftf) * iC ®[ til le * # ^ 

MS 1902 W 1903 

^«it^-effiitt6iiBt5i^ss^$tt,0&^^STi^ttc flbfns'im^^ 

f¥,t6*=?fi^»S-iSaj?!lWW.»'4»##T3tET.^Sa^R«ip 
m.mr i9ffl;&M-«i'JM^4#i!SE;^o m^^^mm^iSi.r-\-^ZJi 

7^ ± 61) iffi :g:, ^ » M JSi-H © W tfc ^ «lit iJi S W tr * =. ” ® 

:‘J<. 

@M^Ati^61ir5#ift4>ftT^7«W3tii61i*^WiS^o ftte^ 
se S ^ *>e 611H tt If W 3t« 4> T «H. IB, ^ % M ^ ^ Ui Ih. a S - i3t 
0J3t61)39rit^.ifetc A = 3 8i4.7A,Sitte#|e.a^iS^iiE^T-W*ff 
^*6U#So® 

M. I h to If 6^ ffi It $ fij T #^ I^ 61) ^ ^ ^ 6lJ ® A S *. tt jg 

^r)^#5lJT-»ffiS^m6D^Sife=®l899 ¥,;Sg^^5gJrS^6(,^i£. 

SffiEfe X jt^@f5ie6U%ii5aifeji-#61lo 


0 Coioptes Rendu*«V^.I26« 1898.1 101. 

0 Wiedmann't AnnaleritVol.66,1898.735. 

0 WiediDuin's AiixkBlen,Vol.69,1899.83.S8. 

0 Phil. Ma^. ,6.S. ,Vd.4,1902.376,569. 

0 E.E.F.D’ Albe.Z^ ^ Sir William Craoket .1924.286. 

<S> Comput Atfnda.Vol. 127,1898.1218tVol. 129,1899.716;Vol. 131,1900.258. 
0 /V<»u/«,Vol.62.1900.153. 
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1899 ^. JL ^ H W ^ ^ T ^ S iSl«. BP - ® ]gCl^ 

Sft 16 m ^I^ ( Schweidler), I-U S ? fll ■ la 3£ «] i5^ » S ^ ® a @f iffi « o 

“« K” 

1900 ¥.^ ^S Sf ^ T Jfe a tt ^k-g-©I M - # tt M “ l=f n ”. ^ 

^)^^ft,^lMl^n#liiDgJaflrM*T&f)^^[*«loooom= 

«[Hi? 1901 ¥#«T«WnaA$^tWrfca.^B.ife 


0 H.Bec({uerel,W<uiira.Vid.63.l90l.398. 

0 PU/.M<w..S.6.V<il.S.1903.481. 

0 P. Villatd. Compta ffnulu.Vol. 130,1900.1 010,1 178. 

0 E.Rutheiford.PUl. Mag. , Vol.49.1900.1; W<i(i»c.Vol.62,1900. tS4. 
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•RjRJil Xo 1902 ^ 

T“->1-WB¥^"= ?fefnM1#.ftJi*®S(Jan8sen)^PmS;?K4;fc|50 

^ssewo isgs^.fiESiisfidrftims!;®!* 

*^i*,ttr(minetal clevelte)fifcai+ f »= 

ft 1903 -‘'‘^ 

aitnxit6ai^iE%wtit4:,aag- 


(D C.Rutbeffonl \aai/v.V(a.64,1901.157.158. 

® Phil. Mag. .S.6.V01.5,1903.484.485. 

0) A'a(urT,V<a.66.1902.n9. 

(S) PhU.Mag. .S.6.V<^.5,1903.4SS. 

($> RftmMy And Soddy, Natun . Vol. 68»1903.246. 

<Sf Rutb«rf(»l And Soddy. m. 4/fl^..S.6.Vol.5,1903.453tVol.4.1902.582. 
<Z) Nature . VoJ .68.1903.355. 

<® raJ:.6io« 
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lit ^ ?F ^ ^ fe g Wit: itn m « M ^g 1 ^ W ife 1 ^ ^ “ tg ^ ^ ¥ H ^ itfe ^ 

T *. fig » # ^ S lit« W-:§■ ii: At. ^ S? « m W" o ®1904 ^. ffe :5}-SI) ife Jg 

^ T # $i£ a M ^ p It ^ M ffl IS T M ^ M o ® 

ft 1903 ^,«®9I^Tiit"alt^\“pltg|”.“7Stg|”W««;3le 

sitt. 

Mjufew 

500^0 

-^?IAaa«$ftJift !9O6^8^l!gfBjft)feK<0BB±)g)± 

tiE iK. ft s ^ ist ± «ia v^ ife T ^ SC fit is tt. # a. M: m IS « 

ffi i ® flc tf: #f fife Iti $ fiR ® o ® ft ^ ;l ■?■ ® Ifi !!fe M ;tt ffl 5)e)» # « fit 

Si$ft^ttftStz;Sttr4>SSg|53RfiE|g«$jEft;tj^o MfSSft 


0 /Vafun?,Vol. 68.1903.611. 
fS^ iVaUi/«.V(^. 70.1904.107. 
(3J A^<ifi«.Vol.70.1904.5l6. 

<i) yV4Uiin.Vol.70.1904.241. 

<$} yVfllun.Vd.74J906.453. 
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1907 ^ 12^ 17 0.ff^P3?®]fi/*SffTAral.^^¥ 

iSASiJ#,^^ 

i866^SEg^ft±ta.j(j^:& 1892 ^® 

WL±mv^o 


0 A'ani«,VrJ.74.1906.516—518, fifiXt^jfeWia^, 
Q S.P.'niompton, £,^ ^ ViUhim 7%om«M,London. 1910. 
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1908^1^31 

. 

. 

A.m B ^^^S c H 

S ffi 0^,« D Ji * S * ft ?5 m 3l£ M fifcit ® ^ ® ^, If 

aGfq®S^Ay.MW^r + 5h35dl3leMm-#;0[ 

. n 

« # 

ig la a # M tK « a ^ 4 « W tl ® M WIS: “ ^ ?c 
w3 Arnett. 

itww^#ma:5j-sii3!ii3:ifti&iiEa6(i,iffia^A#iiffi^. m^n 

. 

.J(IA. 

mam 

6‘i»ftifasfj'ewT#fts(;«iigB5a«:MBt[a],asjs*¥5eo a 

B^iEB^.M^X 1 3.8 X io-''i£.’'MXSS^P 


0 iVotttf^.Vol. 77.1908-422. 
® yVfl«i«.Vol.75,1906.54. 
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t$ ^ ffi ^i iiE ^ T ^ ^ M. ffe A*. ^ r + ij-^ tb - # S 1« ift I? ^k fiK ® 

mmmm. 

fiS 1903 ¥,3E«5£SffB±®fflflfeW-W 

ixm - 

itm —a 

aSftfS fW T E S m, R ^ M « St«Bdr a ^ @1, ^ ^ a ;K ^ w ;g 

aiRT«Eo® 

m^=f- 1919^0 1832 ^ai«ffe*SC.®Ji-^aStWJL^o flb 

i^*ia¥^^w^saiiM0f?E= 

196K^p i97m±e^g*siE]aTo ffeM“$a 

f&ji7c«tewjfesc#o 

[:& 1886—1908 ^f&^pN'*:A;flj3EWP^«SI«(Adelaide):A;^t!![J§,:& 
1909—1915 ¥f&^ljl^(Leeds1915—1923 


O /Vatu« .Vol.76.1907.589. 

O ^<uve. Vo). 77.1908.423. 

0) C.W.CrookM./V<uw«.V(d.68.1903.303. 

(£ F . Soddy « TV Inurpretauon <f ffodutm , New York, 1920. 45. 
® E.E.F.D'Albe.l4^4^Sir WiUiam Craob.New York. 1924. 
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^T ® ^ ^ a ^ a PI ft . •£ .& Jft ^ S ^ I& @^ ii T ■£ 

0f a SIJ W JSff W MI^ ^. 36 i£ 3i * ^ Jlt^ « ® «; M ^ fiK 6^- 

^6i- .3eife*'e:S.l^^ft-^lt»,'eilS^5S:4«^.fi^^tPJT^^1}r 

.ffi-ifes^ateStssETSEWis^.sM^ 

M1# jh, m-g. a ^ iift 4-fifi St T ® fli Sf $ o" ® ^ ^ ffi ^^ 

m=a.s 

lE^l^o ;^Mli^i!!^^a»]a^^«[6^^.&%^^#fl^Ta-;fec®E^J^ta 

c.T.R.istirvaia-i&ef^T aSt^Mif&g.ftfefia?!) 

llbt6«T 

Wfff JSL. , KM 

. 


0 F. Soddy > TV InUrpreuuion of /{odium, 4. Ed. > New Yofk» 1920. 62. W. H. Bragg» Phil . 
iKd^. Vc4.8.19CM.719:Vol.l0J905.600,Vol.1M906.6]7,W.H.Brasand R.D.Kleeman^PU/. 
4fa^. ,V<d.8.l904.726;Vd. 10.1905.318. 

0 Rutherford and Geiger. Pro. Roy. Soe. .Londm. V(4.B1.1908.141—173. 

0 Rutherford and T. D. Royda. PU/. .V<d. 17.1909.281. 

0 C.T.R.Wibon.Proc. /{or. Spc. . Loodoo.A.¥<4.87,1912.277. 

0 ^1 S Soddr.n±SS0).64p 
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a Mg:aSP3i 

l^AWfiaS)£*AIilfefI®T-#“^^7nl?"o 

i922^,!^Mmm^mMi^mf&ty^&. 

;i-tW«^fi^14Wt5EA«St= seft^«^AMfl^ftei3CSiJ3te7 = 

i922 ¥ftfciiTa^= fiSt7ifefia;t)iftMi*.m, 

41^ ^ 4> w $ fs] *fe A sp-ij-(H gs ^ # ft iS IS 7 ^^) ai A :)5-a tt ® 

».SPAa«[7^gl£^l-UM**®iS^ftW%i^= 

A*.-^«ie5c* M iST^ft *t> stcit Hi 3t£. 7 ii m a T a'f N S: ^1 ^ «i 

a«E7"$fiaTf|-A? 1925 

400 000 a e-fMgaatrftM.a 

Afe(Shimizu methocDffiTTS^l'f’ a Mga.idTT a 

M^y3~x ——M«t«<. &sp#fi!f 
&dT,a;ft?s^ir^is7'ft«taa^misTft^-&.tfci^aA®®a 

;tff aSt^eAAT'eMAMMim. ffi 1926 

FMP^^m w.«#^9ra 


0 Rutherford, Sa0Me»Vol.62.1925.210.211. 

<Z> JotintalAm^ OWm. 5oc. .Vd.45.1923.209S;/Vitfwe .Vol. 115.1925.493. 
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’(!« N it ft 


^-C.'a^±W«l5SM3i N -'^fim#(Nancy)MfeS 

^ ^ ^ 1 ^ «g ?s 1 ^ ffi ^ s e m R fj - # It ^. 5 ^ # It fc|* jb T 55 

?E«;£Msf*ip??i>c«taitibi6Mo 

W;L®S^^ig-g-®5(jT.^SSi£@,?g 

^^ TI^ ?fe M ^ tn ss ^ |gA il # itfe ^ S ffi M ^ i!fi 1^ 

9^,A^Sfcffiaife:fffi^Tc S3t£.A«SW^tfc*EST*g^ftN)K 

jft ¥ 


B.»fEa^I^«F^fl*^SA^/±lT"Sl^^:■’3ea,fa:iS:?!! 1895-1901 

¥. * m » ^ C Charlouenburg) W«!:^«»riSi5^WF( Reichsanstall) Hfe t^T fit) 

;S ts , w it: # ftS ^D m ilp IS SS ?F i!& tn M ^ K ;t Ur. ft ^ ^ ^ if ?£ 65 

65MT^^aSt£65ffilt®SWffi^o 

s«Ts-jft^Mffiitft3S«A®jeiisfifeiSfe65fflito sfntea 

W ftaife*fil!Atlfil65‘'ta^;£#",®iP^5!t®SiP*#iS-K655ll^36 

fi^in.igxts* r = 1 OOOK.a^feA = 2.1;xm Mffilt5ll« 
**A:^ 7’ = 2 OOOK 0t.a®&5®-K: A = l.S^un 65ffilt3SS?5feA = 

1000 x 3.1 = 2000 x 1 .5(^ 


Q Scttfnce, Vol.64>1926.416. 

® /Vaure.Vol.69.1903-47.72,119,167(4 136—137 ), 

<S> /Va«ure,V<J.69.1904.378;Vol.70,1904.198,330,ft#R.W,WoodiVol.72.190S.195o 
0 W. Wien,Suiungsi. d. Atad. d. Wuimdt. .Berlin. 1893.SS. 
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^g&w^waifeW^ssH^^^o s3^'J0!ii^(BPm#^#)®*ffe 
•ii-^ (s ¥ 6«j w ^ yi: “ y. a ife :«■ a 5tE #. s 3fc ift ± *S ife 

mms!!^^^",“f5i®Ji*^^tim5fEW.m*iS}«iB]®si^itbMtu 
TiStiE.:S¥i#5l&a«£iES^fig*5fe»M"= 

5fe9B & Hb a i: fS ^ fi, fife ^n # S a sy ^m ife ^ W It S ilc w a #@ 

S:(New Haven)X^^= fifefHfillftjt Tifcii# 

I 6(|Kt»T65« 

w«i.A px^a^vj,s.- = ^,nmm u = ^. m 

p 2 21 

p siJp + uiE# 

(^)-dy M^7c$tt:o fin* e 

a 

dv )-dyo 

a 

aWtelSC p.q Wr 

l':^rrSiWi$^M^»Co Sfn^i-:iie p,9,r 


0 Loid Raylei^./%i<. Mag. , Vol .49.1900.539;/VoAirc .Vol.72,1905.54. 

® * o’,^;»s:saciE, —»a 




226 / 


AR Wiiie):»,!aij r^r^ar 

(^)-dft.:j4ittfflftAJ:iC d/f >f>.!i!ilj^C»:6t;^ An(^)\^‘Av. iil'fg 

dv t[n^|i2f]iit a ft# 

id = a,l-dA + Ad^; = 0,®^^Sfcf#SlJM^:^^S^«[*32J^/^A-MAo SoMSfi 

32ir<A-MA„ 

istt e iEti:T^)pJ-ia« r.siiisfnftsj 

C, 7A-*dA. 

'I' (.M c, *#a:)M3|£^^iStcMAi!lA + dA 

m^mo A 

^»rW»fteAS*lf^ST«^iJ-l^SCMm^ = 

IE illtfe fS Eb^, W # ^ ((I fp ^ 16 JS A ^ 4 S—^ S « 65 ffll 
X=fTfg®S^65lf^,^J-«:gfBA65= 

/h.s^ A-^ra^s^^: A M«/hiiffag'jiiiii«jra. ^mji^rm.'! 

*e5'Siijc^p^feit:^-i'^^aa.iEipea-i;fg^ji65sii#.si5A 

# S3 5£ M ^ T fli M :5)-^^ m T «i« M ?? ■& 65 S ffe St. 
«E S^ 65 ft ^ t. f& A lia Hb ^ m ^ Hr 65 W A 65 (S «. a ^ 

ffiase*®®i)a|i|-^65i^^S«af#SJTfgA65gJcit. »W3£T 1858 

Mo l889¥«te#3bftT*i5^SA659’^#o i9i2^flbfigTffi#65 
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MM 1900 

A-‘WHTWtaSgWep#'. 

^ 4^ M Jfe 1^ W "K ift-£!'S ftt T ¥■ H SW M ftE * dil'^ ^ T >K lift M ffi 
*. Wlli£fSS%1^4^Wi¥^^f^W«T8¥,«-SSP^'eSeW^ 

l^-#o S 

i3 Ev. ft^sI-'^^TWtg««|Sji-4^^*.ft'!Sllftff^tg*±9^ID,*S 

mmnmm.WE^-i- N^. l!fl0^a5jTS4"f5]@::&^f-«^^ p 

+ E^ iai*lfefniUftf5I:j5ri^^|!BS'Jltfe 

JG E i)pli[5)-lF!l,BP^ffi^i‘ffi*W:Sr^E:ttifi.Ja^PSWo 

JiE&-5E«t«PSP:5i-^t^«,iiBfi'einXJi^BIil-6^,WPaWffi+S *" 

^ W, 5[!BS :9-M :6-s: Ift * W FS M, # a ^ w M Jf W a i£: ?s el 

a#^Fa4-|ft®ffii)-^i^SBMffi£$ifeo X=tXS4";*;M 



^#^J A=6.5xlO-*^^g-tJ^o® 

(A'* P- D! 

(N- D! P! ’ 

#!Itin.iS®J®$v W«T»:^2.ftT«[Ji3.BP./Vv = 2.P=3„ 

BP :1.2;2,1;0,3:3,0. W 

m iVi. = 3.p = 5,spAMa«^ffl5rm^rWBe^«[:t2io @jit.® 

4>MK^i-;5-^«El)£Ji 4 X 21 = 84o 

M MS M ffl 1^ w ^ sg ^ T itb ^i-gj a M1'a. 4g m. 

^J$0.®—ffl Al;*2,P = 5.®xa ^ai'=3,P=4,SP^^Ea#*^'4’ 

6 X 15 = 90, M 84 :i ft m - tf; it» + # SI M. 

Mo Nv wflg^fi-.Kinsfcigiue^^ £v - a>- 

i».a^«®4>.ieinfle^i#fjM$^FSft i- siv + d^- 

i# SI K-fe |bI PS ft A 

SJA +dA 

S-Ba3£*^i#SiJWffilt^sCSS^Wo 


(I) H. A. Loretits. Die/VafunoM^rucAo^en, VQl.l3tI925. lO&l. 

® Max Rinck. V^rhandl. d. doMek. PhysUnl. Ga^Usdtafi , Vot. 2.1900.237. t 

Ostwold's iOaii»ker.No.206» 



20 t a / 229 


/w:^A-V(e^-l), (I) 

A-’fi# A 

ig Jn. .a •£ It flp M $ Ji iiB jft :*:, lit a ® iC Ji m e ^ 6«) ^ 

.feffim at e^jfi 

6f] ffl a T-e IP !Q M m fij ^. 

1912 

SIJ. R ^ fs ^ S St * ^ W. e 3f& 3t 0 a T ^Ife JS 5tE M m » 

m ^ iSi B9 ti a ^ 0 f ® is sj M US m it a M . tf a IS £fi a n ^ 14 ^ 

f^:*:-'hM hv i&^o 

4S SS M iA M :^J (ffe M ffi M tn ® 4N 5e Tfe 4? Hfe W), M ;i S -E 


'If. 


© Phjz.Ra. .VoJ.6,1915.166jVol. 10,1917.624. 



A =6.51 X A =6.53 x 

A = 6.49xlO-”^|-«J^;m^®fif)*i^{S^^ A = 
{6.554 3 ±o.oo2 5)xlo-”^l•^f®. A Mfi;*:;® 

I ,m=F 

^ 1^ ? iRV (^ ig ti ®) 3& Eb tk 3tft « ^ ^ Ut I^ ^ * 6ti 
i£T6M#«[o 

il-'o 4 1907 *,y,z 


® PAjj. Rtf. .Vol.7.1916.587. 

(Z) Phy$ik. Zauthr. .Vd. IS. 1917.440. 

® Phyt.Reo. .Vol. 14,1919.368. 

a) 1921^,-}'a»ia4!:«iH-lfe»flIft«^f^##f# A = (6.556± 0.009)xlO-“)»-tt'. 

a^«{i«#ia4fe#sttfflTi6¥2:x, #je.«k,j.R«..vd.i8.i92i.98, — 

(S) I , ieaMt Atomicity and Quanta » Caiiibndp« 1926.21. 

(B A.Eiittt«in, AnnaUn d. Pkyt. «Vd.22.1907.180. 

(2) P.Dd7ye.i4nna^ </. Phy*. »Vol.39,1912.789. 

® M. Bom und Hi. V. K6rm6n, PhyiA. Zeiitehr. . Vol. 13«1912.297. 
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W iit iS * W # 1± a ife ^ * iHj M a M. 
t^-ifew^r 

^aife^irslj^^;L^gd^®MtI^^±a 1911 ^s^#S!^(Bms- .is 

sel8)W^ill^^(Solvay)^ij?±.»iin«I‘Sil|«3g^«ttTffi##^^e<) 

S *S4>&fi0e:5>^iCo 1915 m 1916 

«®^n/gttSfaFi^®*|s^m#a^K^f^TiS-JtW®f^o 1916^, 

1925 ift'itPT:“t6»^7£ 

h. ^^sfnefra^^ia 


0 F. Reiche • Quanien theorie . 1921»Chapter IV . 

0 M.Planck.^mu/. d. Phyzik. . VoJ.50.1916.38S. 

O A.SommeHeld.4And/.<j. Phy$i^. .Vol.51J916.1.125. 
0 W.Wilaon.PW/. Wa^. .Vol.29.1915.795- 
0 P.S.Epetein.^AM/. d. Phyuk. . Vol.50,1916.489. 

0 K.Schwarachild. Beri~ Akad. d. Win. .19)6.548. 

O P.Ehrenfest. Anno/, d. Phjtik. .Vol.51.1916.327. 

0 K.^muin. Phy$. Zatsehr. . Vol. 18.1917.121. 
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320 


fi<)MHW^S/hW^SiJ. 

% £ 

®f?£^W46^M^5f-o ftfeft 1893^?R'(fcTSt.#* 1899^®'eflH^ 
m^o 1900 ^ 

®5^3t^ST'efnWS?t^«!c 

1908¥.it^^^WaM»r(Onne9)aM5t^ia$(X4.3KB^^fia7 

l9l9¥,IIHi0Cfi?i&®;e»r^^fflW 30Sr;5-?|t 
&<)*[^„ i923 ^,®;B}(ft«[T-^^®?tiWie®iS6i)^K= 

K) T 12 ^ St fli W ^P 6 ^ ^ ® M m 15^ St S W m ® fii) ^ S. fi fife 
ife^f#sij®ai@,e<iSES(A:^ET^j-;3:-)T,®ffl^s®*:w^rfef# 
?jT^T 272.18'Cag^)tJ-S* 0.82K. 1926 ^, S , 


0 H. A. La«nt 2 , Die Naiunciuemcfu^ten , Vol. 13,1925.1 082. 
0 5mt/Asonuvi Report for 1923 .550. 

0 Science.Vok.57,Hatch 30,1923.4 . 
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4fcS5oi':fc-^£EW2.2K^^®®w,a!:ifcj@@T= 

aiCJlJCChatelierX* 1888 ip)ifqSffe S * 

4 G.N.j^lja 

m ai W BS ^ A fn # JIJ T K ^ FS 44 :■" in m ffi S K # ii iS M 6^) ^ 

mssfffsffiffe wife 4=1 

ife 4> ^:^ - W »f 6^1 iC if, ffi ■£ ffi SI * sf ti ® a ^ E 3tE, ® ^ ^ ^ 

i0fiA4nf^4s^JS#weao 

ffilSAo iPmSB^SiAM]&SJT,BP-^tH:I^M^%fg;6^.SfrWWis 


(D &>eno;,Vol.64,1926.132. 

0 G. N. Lewis and M. Randalt. TSermodynamies , 1923.448. 

fSi D. L. Webater and L. Pa^. BuiUtin Nat . fU*«arch Couneii , Waahinflon«1921.353. 
<3) A.Einatein, R^ataity, TV Special and General TVor^.New Yoric,l921.54, 

O G. M. Lewis, 7%e Anatomy ef Sctenee, New Haven, 1926.142. 
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s«i ^ . M tsux ji - ^ 1^ It a ;l M ^ . JR1^ w ia e t # iU sa 

-^J'JB.aM#nf^^lur(8:iiaM-&o -a^!^i1tJg 

^ flt I3J $ ^ 3t - IJ: fill iJ-ff IS. iE itn - S'l ® w, at fS &f| - W # 5ife # ^I] 


i5S;¥3tfp^ir 1887 ^fi^^^ffei?-^^aaTfs;iSfi«)gifftnk 

^fi ?S ffe 1^ ® 3* ^ life a T :*: m fi^ ^^ ^ ^ «C * ?& #-e 6«) s ^ :)5-|S] 


0 J.C.Maxwell. TW7 (!/'tf«a<.7.e<l..lSg3,ai^).22.328,329. 

(Z) G. N. L«vu» Tht Aiutumy <f Science «New Hiven. i926.148. 

O Scient^ Writing G. F. Fittgtrold « Dublio, 1902. LX, 562 ; 0. LaI^ , PhUoi . Trans . A, 
Vol. 184. London. 1894.749. 

0 H. A.LirenU. Verstagen d. Zittingen d. k. Akademie mn Wttetucfusppen > Amstenlaffl, Vol. 1, 
1893.74. 
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T S^a fn ® ^ ^ fg ^ ij )S #, gp ffi lii * » ftj ^ 

iawiiir®MWTg^{XM i902-\9m 

i±, S M Ji H « ^ ii Ji 5 ^ Jlt * * ^ ® It 5t^ ^ ^ ® ® 

1905 ^^ Bt S ^ «tft W S 0 »f S ® lil T ftfe M Sfe JiC ffi ife, 1915 

^ ts til T ffe fit) r ^ it:. ffl 5tt ife w ^ IB Jg M jg s s;at ^ m IT ^ T 

fit|SSflt^^S^fitJ.^fiiA.;^j^S3&)3ta«I«fSKi«S±SiiJt, Site 
fibl^Ffib&titi'Sttasjira^'lfsiEffi^H&tiSEil^atai^^c^.jfT 1921 ¥?f 
fi&Mo ®SP¥?it«i?#S'JT0«Ji*»iEfit)li(;(cii^)9ri“40t]S|i# 

1C K ^ T # i): fit) ®f ^# W life» 4 S *!» fit) S ft il $ fit) :S 5(1fi¥ 
>ia^ai|^o fi^.^iti®^fit)-^]S5tia^-#®^9&fiti^g^ffl^ 

^-afit|/h«SE"®o f&:asai."iffi«l?'JfitjcU;fcai^fitj:^|S]^P:^/h^ 

S^Ei)!j+lfe«^jifii^fltJ»*:t«1S=Paifit|. 

^® ^ fSJfit) ti ® S ^ ^ ^ 200 ^ S. fi ^ E& T 

S # ^ ^ fit) S iS at 111-fc fi() T tX 4 ^ life ^ «lit ;fc fit) IS is ^ « 
/J'iij^litio&M"o® ^li'200^^S^H:*:fitF;iaEJ^“^|ia^iaTil 
i®ffifit]^*M]I,*#^262‘>W^*^+65“fif]lfe7^r\ iS4“,^«)fit)^g* 


’24 


<D D.C. Miller. Scuncc.Vol.63.1926.437. 

O D.C.MiUer.l^±.441,442. 

<Sl R.Toniuchek.AMiil.<l.Pk7j. .4.S. .Vol.78,1925.743—756. 
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& p^ ^ m iij Ki it'ia (Jungfrau )*$ j: ^sfr ^ ^ tfe ia w A sa iw @j m; m- 

1903 ¥^4iW. 

^7iuAa(^.#mi£waaTwsa:?a;Mix 

aS^1#SiJ?f®«gm6!l®F5E#iEa^'^^$Wfi£«S5^, lilSt&»f 

{Chase)o ^“#^aS8±«^lJa(Rigi)lljDl±.ftiMSia,M#S4Jin 
^S/E 3E W M W ^ ^ (Paaadena) ts W $ 9& o 
fs^6tlisa:^a;^n;«sil i887 ^$|&&<jS^3SJ!a®*^aSSJtif 

s* i905 ^Piitijfte&(ii^Afflsttifefi«)±5j|iij»„ 

4t ^ ^ 

Mmo 1872 ^,«6^ffcmW^M««lH.flP3iE&73le@APBM%lir 

a Jtif M ^ Jg 5Z ( Christiania) w fa a ^ m T ii ft H , fife so iS T -1'A 
a: 6 it4'Jfe«(ierrela)«^S,ft;^lSft*l&aSaiSJtSll^o fCS/J'Jfe 


(D F.T.Trouton and H.R.Noble, Phi/. Tm.Roy.Soc. .LoncSon. A. VoJ.202,1904.165. 

0 #08 PhyikalPapen (/Nfno'AugTtfto# RowW. BaltiQM^J9CC;X + #nS*;jN(1841— 
1924)^«ffl;4:«« 

0 R.J. Kennedy,/Voc.iVa.Aood. .Vol. 12, WaaluiipoQ J926.621. 
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m #6 <i ^R m'6 if ^ T » ai sfe fi<) «r ^ a tfe= 

=5 577.35A 

^ iA tii,-s in ^ ^ ® W ^ W ^ S ih M^ ^s! M ^ faj 

h it ^ S * (B sa W 0 ^ ^ W1^ - J£ >i-±. a # - 5te. * ^ s& 

¥* 18 itt4e,^i^^fns«^!ti«T-®fTSMai5<, 1733 

SMl;gJi;fc/hTo i89O^]0^i:a«WT^S:«*MTji^fi£o Pa 

^^M®sM^a:go®i89i 

!8i«T*aM:as65i[g,fi;ftapB^^wt2S^iS75ittiaMS@w 

a , isrfitfe AffiS a 

i^“ja!Np;r:-&m"(Belelgeuse).i:©jl“EAMltl»\ ST-idiSJififin 
fjfi;g3EW&^sfc^pabm_hE&£t»rft!tWo 

3 000 «?|£iiit 3 000 

75oA ^ 0.000 575 i. 22 ,!jliJi# 0.047 sitt 


O J- C. McLermaji and C. M. Shnim* Proe. Rtff. Soc. LmmImi, A. Vol. 108«1925.501~512; iVa* 
£wv. Vca.115,1925.382,607. 

<2) A. A.Michebon, Phil. Mag. , Vol. 30, 1890. 2; **Light-Waves and tbeir Uees" , 1903. 135: 
5«:ie«e,VtJ.57.l923-703. 


:^27 
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^in;tcffia;@M3oof&„ 

^i80M(Star Antare8)fl1jfi®o 

19 ts ^ T i; PH ^ m a: K M It w w ?E ji # iS , i§ 

^;h ltia.«fctfll,^fIln*ffeAt^W.IS^«(Tubii.gen)W«W3tg|W% 

1894 Sum 

rm 9.3^im,?t* 1897 ¥fflfflSS[WiXStdtSJ5?li 23^-m. ® 

O.lfxm ija^hK 23^.m 

^ X It * a E S It it« M # W ?E X ^ t’^ tfi fflS tfl illl f J ti 
E.p.M§,m. 

WW/SffiTit 

#» a iS tsi. # .a X in ?i frn#F n s fj M - #. ^# so T lE $ M s m ■& 
mm^mo 

WJFPtOgl^S^K^iJfflSSaiSIX* i9io^i«®Ti£4-^^#SiJWS 
it^w«^ifew^s= jitT^iti&'efn^TffiAT9Mm WE«. m 
H 0 til $ A ^ M e iS; ilR 5!t ^ tt - * 7c It m T a ffi s«) 0f ^. 

^^F^«ETAP06<)1[?J 2 922A ftf)«^^itit, jfifSStn e.*«* 
i909¥geitiHSij2 9i2Ao ltrffiittSijWW^Jft*^«»^^itit:frffi 
atrM. 

it^jiafetct^#®WitJSo 'efn«'efn0ritssw^ffi±t6ffi%^i» 


0 H.M.IUndAll,**ln£n>rad Spectroscopy’*. 5denoe.Vol.65,1927.167|H.Rubeiu in KuUar der 
Gefvmtwt(Iltyiik), 1915.196. 

0 E.P.Lewie,i4mp^y>. 7our. ,Vol.2,1895.1 106. 
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ft 1906 1 oooA «3:«ffifitew^##ftei[:a3K 

S«^^Pllft«^t^W^^l^«TTa.»^PS^&^)^it,®iAffiiiE^Ta 

!f W ft 

ifcH^ap:5i-itfeiaih'eo ]9io^ft^igittffi i9ii 

^ftfe^R;e(Bem)Jfegi.lS:ft I3 000^Ri«M*1^4’M3S%8**fl^ft 

3^Egltfe^±MS^cl^t4^®= fti« 

*j^5.6 35SW-^f*.hS:tST««.#fiSaiSltl5ttftiftffi±A 8 
iB, 1922 ^ lo 

^,«3:ta^PftfeWf^¥ftifi5£N6CPike9 Peak)ftfcT3^S^,^*igXftiD^I 

^im3^W^l^aMli(SM^^Iff.S0^l«^5^j6«(Muir Lake)^nIt^l;iS3(Arrow¬ 
head Lake)^ft$i&.ia^¥a^ite:^r^*T^&$S!cl^^^M^5^^!io ft*® 

T45 3£R,iS%SM@Elfem§E«^TP¥. «fft«yi!®‘‘ft»*iS5±. 
A^w®‘ift*W23 


O P r o c e e d . Nat. Acad., VoJ. 7 > Washington«1921.239. 
® Pkrs Rw, ,Vol.20J922-573. 

O y.F.Hem, Physik.Zeitschr. .Vol. 12.1911.993. 

<3> W.KolbOnter.N±.Vol. 14.1913.1 066» 

(S) R. A. HiUikui.Science,y<A,62,1925.US—44%. 


^M) 
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X x |=r^T 

1 OOOfg;a#lt^Jl*tl®±W«EeT*JSW®!&^6f]a 

'Efni&W's 

im\ 

.1.M 5f=tii^|^^WW?E^l^bT^T^^#S:^;Wf^Mo 

M fS M ?C 16 i£ ^g J§ ai 7 a ^ M ife: BS? T ft 1^ 14 Sft ^ S8 6<J ^ Si 
ii g #'!', a W * g «! # t iE * a ^f M it iS a SIR It ^ 7C JC 61) flg ± ii 
So jaa^l^^g|^£fl*6^l?*^**a»®ra^itl3aa^u;^ca^^I5^e 

«ffl0itg*.'efn^iiiia±afe6Ui^s:si^iii3i5o 

m Ji; ts^ itf 5f ?E 6H fiK ifc Itn T: “ ffi lU # iij ;p 51 a W U;(: iS 61) 

^^I6t^?^61ljfe3«.fta*6D^5^rtaiS^^iW^7&AX*iS 

iS «3{ft JS ra 6U M , # ft ® iS K «. jtft A ?e * $ S ii A ^n p l^ ^ 61) 

X M^E«;^fB]61]SSt.Miffift«61) 

^ ^ tt+(i: id M ^ ^ (BP @j 0 % ^) 61) s ^ K «P3, gff ft a ^ 
JS«ft^^ffl[^6D1^14.miiP#MtS.««.%^P 865^61)^?,^, 
as«5?^iSft-7-^zS^61)[^-#f^amS'JaK:ft®,ftt'em|ft-A« 

MfiS«ft0l^6lJl4®eil*$o’’® 


0 W. KolhOnler,Sam£e. Vol.64.]926«Svppl. 9 . 

0 Jov. Optical Soe.tfAmff. .Vo). 14 J927.112o 

0 Sdenee »Vcd.67.1928.401 :Vol.68.279. 

0 R. A.Millikan. Proceed. Am. Phil. Soc. >V<d.65,1926.74. 
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^ ^ 

'^ a ife m ^ iti.. (0 ft 1 : T ife t ^ ^ JiSL it M SP T ^ 

0 m a T s Htt A*. ^ iS; »f ^ w % # a ife ^p * ^ ife t tb Mjaa # 
??W^ifemJldlTffe6«Jit*To t[feEKl*^effi^ft]»#^it,«5itW 
it*a3i^:^ffijiftaii&&tio 

s; ^ it» T «lit fit) - 3c i& m :t" m fip« «^^^". ft ii * sp ft 
Sif&M»f«i^i5®:*:#6!i0*«®»S!jM.l.UMtt?c® «6e'»f®)t=tft 

aStJi.AfttI* fey, «S(j»-M*^ftffiSft%^®afl^.ffiftW 

c 

a#aTAfntt#^«WS»fifeo 0 


0 A.EiMtdnMwwi. .i. Pkftik. .Voi. 17,1905.132iVol.20,1906.199; Vol. 47,1915.879; 
2«i«#cAr./. PfcTii*. V<d. 3M923.784. 

0 A.H.Conipton.;%;a. /2a>.,Vd.21,1923.483—502;Voi.22.409—413. 

0 W.Daune 5S./Voceetf./Vo<. Aco^., Washington,Vol. 11,1925.25—27o 

0 P.A.Ross.Procstt/./Vol-Aoki. .Vd 9.1923-246;Vol. 10,1924.304. 
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S#ifeuEil.“l^fn^i^il61ftPTJflt91^o 

■e JS M SI] a 1^ @ ± Bt M ® T o" 

]e#»fS(K0nigsberg)&(|^i!S^Fl$4 1896 ¥ ^ dl fS iJt: X |=f ^ lit ;(t: 

o 1912 ¥,»®siw^;E®fti[T-^ 

xW^Wii. 1 xio-*- 

{2*MWflS^o 

l887¥.H.ie3®W^T*A?EM«^?feMlt&A?E^SfWSi% 
«±W^WaT»%» -¥e.»«»rS(Dresden)MSi5^Kj£mSBe 


0 AJex.W«J./«Ainiw qrrntfA.London, 1927.47.««-aa>J#-egaife*«»»*f* 

Kn «iQ* Ludwing Flainm, Die A'dAtfvweTwcA^m, Vd.l5«Jul7 15,1927» 

0 W. Friedrich. P. KnipfMng und M. L^ue: Sitrber Bayer. Aiud., Math.-phyt, Ki. 1912. 
303—322.363— 373; JaMuch fttr Radwahkuat und EUkronik ,Wtjl. 11,1914.308. 

O W, Duane./^oceed. Nm. Acad. ,Vol .9,1923.158. 

0 G.N.Lewie,4na(ofr^ ^Some. 119. 
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^g4g^fews^ife^m«sy^Ta*se^fiti4-A 

ii«W)il#<, SS»rSlSaiT-^^i#MM^U■TifeA^S«M^S#c 

±mT. = ku - po a 

ssifcjftSMyTO.' m hv Ms:)5-isiafT0^.ies±T-^^ri: 

M#xitgg.Br#iRffli^"^n‘‘*(iaffli^"o es£fit.^0Wftw w.l.:#?' 

«tS.^»mx.G.a^5^S:.S♦6aE.tt3^.A.w.4^^R^p^^lbA#s0f^ 

m.t. rnig^T'ife.ajts^^^^wteMymi-^ 

^m^^mMo feaiist m- ^vj^^h^^mvK ®$ns hv 


0 R. A. Millikan, 7^ Electron «Ch^. X. 

0 X>eunefPhy9.Rai. .V<d. 10,1917.93,624. 

Q Maurice de Broglie, Third Shird Sofany Ccngreu . 1921. 
d C.D.Emt. Proceed. Royal Soc., A,Vol.99.1921.261; Vol. 105.1924.60. 

® Proceed. An. PhU.Soe. .Vd.65.1926.68. 

® W.Duane and F.L.Hund, P^. Rge. . Vol.6.1915.166;F.C.Blake and W. Duane, PA>v 
Ret). .Vol-10,1917.624. 
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iiS“#iR”W K,L,M 

¥. E i5. ^ a w :P= 0f ;ia ^ w ic lit nir. A fn ii ife se T@ ^ M ^i- 

m». E^l^*^E*^^^(Ba*cl)*^#e:&^)«!lip^PS^E|l:!n5.T 1884 

¥6.^ 25 B#^lfeM^T«L^Sf:»Mie*M5£SiJES¥l4¥¥^= 

flbMlg-^>:wlz,*a^te6o^^^flt:a^TM= E¥5K® 

im ¥«SB^fflw^s1«^I^(vogel)&* 

E^5^5fe3l,ra^*Si?Wit^MiS 

±Wi2Wo 

||,SPASlS'hiJ-i"»®5tEji 3.4,5.6 W¥^r g a 

W:S-T»/J'4o mrnn 

(m • a^) 


(^ P. Reiche. Die Quanteniheorie . Berlin, 1921.140,14], 142. 

(2) A.Soramerfeld, Atombau etc. ,4. Ed. , 1924.749. 

(S) J.J.BAlmer. Verhandl. d. Natarfonc k . CneHtch. in Auel, Vd.7, Basel. 18S5.54S—560. IK 
—'^ia^fi*ft 750—752 K±e tfeie, Anna/. d./%yw*.Vol-25. IMS.80o 
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MMSl. n=2,m = 3.4.5.tt0*ISSC. 

nftwaiiiio 

^0 

1890 ¥4iS^:*:^SW 

!lipBtftiilT?ti»^^,«'i>^: 


saa.®« n = lO«A-',Sfe A me A tiES». 

yVo= 109 72l.6.Ji5^^)9f^^W^i»iF,«0f^WjnlCl1sffi[^W#«E./io ^0 

Mafew5t,MS-#7n*)Ss^sKHs^Mja«[^ji'M}f«[o 

±. ftb^aEia^5^#SJiiKfeI#*o 1896¥Ea^5^®f^£bT-'1'llr^^^ 
. S ^ « SE T iz m (Hanover) flti H(l g IP a «l M m« ± W ^ ^ 

0=t ^ I ® T E ^ w a it, iis E 3K w ia. BSs T a a fe ifr«^^^ M w 7u 

tsi5;ilaN05 >fffffft a a w#«51^«^^*ffi ^1 -'h#^«m. a 
s e w iS IP M a m 05 ^ ;l a * 461^ 05 o 


M a ?c 05 fiS ± a a ^ . IE * ^ W ffi, (Ji 16 a S « 

^MW?fWM#+05ffiai^c f&afii7*;^Mam^*iA05 

J]a«S-^.ifc#®JTff^i-iC.'£t6ffiAfniAi8P^aitE^05^^^ 339 

4* it-If iB if s ai 05» ^ o ” sK #, a # ifi m T ?«] s: a t)c m sj fj 05 


(D PA*/. Afo^. ,5.S. ,Vol.29.lt90.33l—337- 

(2) J.J.BaliDer, KirAdAd/. li. Notwfanch. CeteUteh. in Bead rVol. 11.1896.44S—464. 

(Si W.Rjti, Ceaammeite W^rke, Ondrei. Pane. 1911.62. tbjS. Anncl. d. Phyt. ,Vd.2S, 1908. 
660—696» 





246 / Jt 


3-l() 


/e = 109 677.7cm''.n=2,m = 3.4.5.//..AfHW 



S«SSWia-&®0'JI)£?=iT-^Sr^: 



itn*5i^ H^, 



nm,m H. fn H,.«jga-a-®fi'jii£^»ij: 



a:#aie4smeaww®*2K^±ii[iiai£$.m4fi;^i'K«5sgiTM 

n = 4m m=5,6. 

Ii^^l^I^!il!lSlt^#S!!TS^g n = l,m=2,m n = I,/n = 3 M 

n = l,m = 2.3A .,-effl «S«®«®iffi® 


<V T.?9Bchen,Annal.d.Phyz.,\i3l.n.}9f»,5V. 

<2> F. S. Bnck«tt. Astrvphji. Jour ., V^. S6,1922.154. 

0) 1)). Lyman. Astixiphys. Jour. Vol. 23 J906.lSl<Vol. 43.1916.89. 

(3) R. A. Millikan. iq±.Vol.52t 1920.47;Vca.53.1921.150» 
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t ^ # 

ESgWIS»rg5li 

)885 ¥5l^'e^^a^TT?E^J■fl^IW?^o 

^ ^ 1% ^g M flP ffe, iS 35 M M Sfe s; a 5 » ® 14 »(Lund) fl<j l?l 

‘'Se?£(S£fflSiJ=^?tm4>M*^ift. 

35 ^ 37 M Cl ± W HCl,?^4TX=t;aT HCl(3j) 
fq HCl, 37) « ^ ^ in M JS ts: ffl W M . 0f lit BSE T “ # 3t it m 


<D !Si A.SommeHeld»Afom&au u. SpekiraUuuen,4. Ed. .]924.719o 
(Z) K. $chw«R»child t Ber^ 5AC<un^6er. , April, 1916.548. 

O T. Keurtingier, BuMnoaon ,Umd,191S{ Phyt. aaUtehr. ,Vol.20,1919.188. 

® E.C.Kemble, BuU. Nat. Raevck C 0 unal,V<d.U«No. 57 ,l 926 .l 2 . 

(S) R.S. MuUiken, Phy$. Rev. . Vol. 25,1925.509. i&SL J. Fr»nck IQ P.iorxUn, Anngtm^ von 
QuantensprUngtn durcA Sutae, 1926.249 q 
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W |g ® m ® a }E 1^ ^ i£ ^ W ^ 0<J - ^ «E ;g: it r @J ^i-T't’M # 

6«i m at ^nM ^ ffr * ^ ^ W iP ^ te ^ a - ^0 4 ; ®:)? ffi Ji - gc 

M.”® 

^itm. 

3t3S4’^5ts^ffi3f£Wo Sia^^4j5:ftTa-^&fj]!si«= f&fnwsy, 

^14;3:^af^Aa«^Eo 

T ta M J. F. [t& 1^ « ® ffi fi S 3fe m 4^ ffl M P] » fC 6<) W E 5K 

iEiaifl^ffi^iiJfifj.AfniS^iSfi xl^ 

1922 fcv = £, - £, 3fc^fii4isia^?tm^ 

wffipawa^is^^mMaifeo® 

SfHEiSWiijdl 186 1845 

^ * ft a »r W S ^ ® ff St« fj M Se ^, IP T M flS <4^ ® ffi ± 


<D R.T.Birge,/Voiure.Vol. 116.1925.170.207,783: Vol. 117.81.229,300. 

O J.C.Sluer./Vatiire,Vol.ll7.S87. 

O R.S.MuUiken.Mr>. A«v. •Vol.26.1925.36I. 

S) R.Mecke, Natumiumchaften , Vd. 13.1925.698,735. 

® F. Hund, Zaudv. f. Phyt. , Vol. 36.1926.657. 

® ^JB. BuiUtin 1 ^Ute Naaonat Reseanh CounciliVi^.ll ,?ini,\926,So.57 

® R.T.Birge.A'onin-, Vol. 117,1926.301. 

® R.V.Wood./^. Mag. .Vd.18,1909.530. 

® Phyt. Zaudv. .Vd.18.1917.429. 

® JB. A.SomiDerfeid,4j<Nn6<>u ac. ,4.Ed. ,l924.749o 
® J.Keii.PW.Mag.,S.5.,Vd.3,l877.321. 
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m^s,VJ.R 1912 ^ffem«(Lemberg)MmM3E@Eai'^S:JS^Ti5fe65 

^TlSW^J^aSCVoigt) 

)>*. BE ft % 7 ^ M m j^ ®f ^ ai T - # s; ai«fi') a ife o ® 

;at)jiA E.H.a^T 1879 
^&iai 

1896¥m«5J-i^^N1ftf^AWaa.®BP^ 

=mm. 

fflJt7ffeMmj^C5i5ftjftw^ia^aafi^)^i8a.a^iP.ai5^#A=® 
ft a ^ *g+^ w ^ m ^+fii a T is s # f!S: IS. ft ia i'«: iSAt m 

R.w.ffi«^5feft^)tit4’a«SiJif« ’44 
5Efc)S®. ^ax^a#*«^ft^Si^5^f^al^A^«]ftw«fffc 
«s««jSM4«;ssft3Eawm«^®ft 1913 


O JS> L . R . Ingenoll * 9 report io Bulletin Nat . Ra^arch Council , WMhingtoo, Voi. 3 r Pan 3, 
1922.260» 

<Z) E.H.HaU,4m. /our. (^Science,Vol.20,1S80.161. 

O P.Zeeaun, Proceed. K. Akad. v. V^eUnecA,Anatord., Vd.5,1896.181.242. 

0 iS. A.Land^, Die name Enneictiwi^ <ier Quantmtheorief\926.5S —57c 
0 A. Land*, Rl±.67—71c 

0 R.W.Wood.PAi/. Mag. . Vol.l0J905.408;Vol. 12.1906.329iVol.27,1914.1 009. 

0 J.Stark, Siuungfher. Berliner Akademie ,1913.932. 
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iii fn a ^ w a, 1887 ^, s ^ at ?ii ^ M ^ as fi2 M is ^ 

jEifllSfnB^Wii 

M sp #. X :t S S la i: ISI Hk ^ Jg 5t) ii i'^ ifc W A. ¥ 3^ 3tft It II a ^ 

?s ffe ^ * iar ^ Jit * uk # ^ ^ - ft :j5-* ® aa s 1-a 1ft. Ilk in M a. IS 
^ a * W « «c 4 ■£ ii ^ :^r 1^ _fc afe *. 0 s ■£ « M S19 ira 0^ S aft 
■tfci9ira,«®a^iH^ji^^asii£tei#s'j)SJ^. ssma& 1905 ^ 

ffiii-’Wissffs&ajftE-ftaifeo 

iar^fiDAjl:^^S^(Sitter)iSiliBffijtt)KMfi«)SftiH«%m.ffi0^iSft 

Sjlfc.ftnM* 


Q N.Bohr« On the Quanium Theory of Une ^Dectrs,!^ ltlI«191S. 
d ?.Zpet^.Phyt.ZeUtchr.,\<i^.17,1916.146, 

^ K.Scbwamchild.5tiain^6«r. Beriina Akodame ,Mmj 11,1916.548. 

^ 19 K<nce l^mb iff j>C • The Evoitition <f Mathemaiical 

Physice .Gaaibnd^, 1924o 

<St W.deSitta.Phyeik. Zeiaehr. ,Vol. 14,1913.429,1267. 
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# Ri * M ife ;! 51* flB fl| ■& W 4^ S M ^ ^ 2 o 

; sp m it * e ^ . sp lis.-g ^ ii( [^ # w is s a s ^ ± m 

. 

W2)c&^iiaf6«iK^(‘a.mii9®)ftdiT^«i)iiffo 

WTWitS. 

rjsc^^^fe 

Sam:ei905 ^MSgifeiRPB7^aiS5(io 1915 


O W « A ttl E. Ereoodlicb. Cru/^logtn der EinfUinschm Gnuaationi theorie « Berlin * 1920. 
29—42e 

(Z) A. EiiMein « RelativUy the Special and general theory , tzvosl.by R. W. L«w»on« New Yoi4. 
1921.46. 


.^4h 
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S^aifeo SS5t^^^4*W C.L.tfi5^®.T.J.J.®^®.Ph.«(]^®^D 

p.#S«j^o 

w iij »j-s a ife w - # ®fn ^ Ji sij. m r it ffl M ife @f 1 # di 

;JcMtfl[!!ii^fl«6^J■fettft-'^tfl:^BS®SgE«*:1^0i^^ 43-o mmn^ 
1859¥^nM|iH«4 1895^^l^_he^aT;!)cS^itiaHj^^Wisi^^ 

a[^4^iS&li^0Wt1-»4>^#^'J 4i U 

»f« W ?T . ® r tS Hfe ^ g T a ^ W M X ft. a 5t^ ft W iffilf ^ 1*4 
lit ^ ^ Ri w iS «itt a A-M ffi - la ?f !t^'t f# ?>J ifi H w is ^ 

«Wiits.4ftswawaife«fflipfibaaM«[®:3:rsiw wm s-m 


0 H. W«yl, Space , T^me « Matter, tronU .6)' H. I. Broee. New York. 1921. 

O A.S.Eddin^on»^poce, Time, and GronM(iM«C«Qbrid0e»]92O; Retort on the R^arivity 7%e» 
oey Graatalion rLondoa>1920. 

G R. C. Tdman« The Theory cf ReUttieity tf Motion . Berkeley, 1917; General EUcttic Reaew » 
Vca.23,1920.486. 

0 E.CerUn, Joanal de mathdmatique ,9.S. »Vol. 1,1922.141. 

G G. D. Birkhoff, Reiaiwuy and Modern Phytia ,Cainbrid0e,1923. 

G C. L. Poor. Groniotion lentu/Uacmiy, 1922. 

0 T. J. J. Sec, Eleetrodynamie Waoe^theory ef Phjpoal Force* • Vol. Q . fine Theory of the Aether . 
Kiel, 1923; AimvionuKAe NathrUhten,Tt ^., 1926. 

G Ph.Lenanl,7(iAr6.d. Rodiooia. u. Eleetr. .Vol. 15.1918;p. 117;Vol. 17,1920.307. 

0 E. Groeemenn. ZeUttdtr./. Phyi ., Vol.S. 1921.280. 
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Kc M r jn 5t=f ife, s ^ ia i± ^ 1 ^ Bt ^ «SI-e w i: ^ ^. 
m M m >i-ft ft ^ w N - H a w m >i-ffl It ®, & H-t-!i« IS] fifj M fiij 

E H M ^ ft (Sobral) W H iW « w *t; ffl # a (Principe). ft ft 

SPa1#S^JTtg^Bftlfei^^SifeSaM?f^s^o afiS«65iiE^aE&^tJ35; 

T W.H.5£^S;W0'tiffiffiB^S'JT®S!;fc;fJ^&fl8efiEi?s(Wallai),mi(« 
T^ftftl922ft9^ 21 0M0:^fto i5^JfeSE T a^feM 1.72''M 

1.74% 

ft:tii0a. 

a^aS)Si:t5Bitk;<:/J%litS[^ai«««fto ft 1919 

^i^^«t#iyT®;£MSa.®i923 ft.ai^ttft:*cra^tM 331 

Eb T ffl St ft. M S. tfe E^ ft ft « «W ^ ii :a: * P0 ® at ai BE 
Tf)ft^i-«[3to I925 ¥.®ft 

atoiM w.s.3ES»T®R-i'S«aftm«sj^titiBip]fi:4SW^^c 

in4bAb#i!ifi'e«^ai?i6M^MM#a0f'S?isE@r#;T. aw^fnft 
aftaTfe+SftTffefnz^ftmpfflswttitto 

0 A. EiMtein r /UtoM^, The Special and Caterai Theory ,!icw Yofk J92I. ISO—152. 

0 W. W.Campbell and R.Tnunpler. Udt Ohtervatory BttUetim , Vol. 11,1923^—1924.41. 

0 E. Freundlich, Die Mmwiw nac A^qi, 1919.520. 

<S> G.E.St.lohn. Proceed. Nat. Acad, of Science, Waahington«Val. 12«1926.65. 

® Science. Vd.6lj925.X. 

^ V. r.Lenzen, Unit), rf Qaiifonda Ptthlkaticns in PhUaeopftytYol.d, 1923.158. 


349 
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M iSi Jg (if M ^ . SI ^8 i5^ M J^ a 3i, g/i-g M a a 

;S: W » fim ^ ;^c s It -e fn fit) * JiC=” ® 

SS»rJB®^Tfg*««!)®-#*Wflm4fitJ)lft.^^mT-^ff^ 

fi^•efitl^^^.@^ffl^^ie^t6fit]*«^ss^^Tc sMa^aife. 

9xio'']K(bp c'xio-']i,c*Aa)fit)fiE»ffl^T 1 ^6tjsR»= a# 

^ ® l^ fit) jtft sg ffl 4-A fit)« »ix s 5ie« *-e Ji A ^J' T. 

ai'aifefti£3t£fit)¥^^fl<j.®»ftE#^^fit)f^ffio 
^ T E # ^ fiX |g «. “ A ffi ffi tf« fitHfc A lit 5t& fit) a M S * ^ =f t# SiJ 

mn .Aii 0 fitiffiitiRtjgAi!Bfi<jm*;Aii 0 aaffi'efit)mjift«&^tg 

•£&<)«It.1 ^f^t'a^z.s ^:^isE.a^^AP0 

®#fiti^I^fit)W;i-'\ 

19 tH:SBt,SIPtniS«• ® SSa(Jf ^I^^»J R) xt A PH |g5l£ M fit) 

iit M fiC T W ®, t& fn y. a ® 6 K S « a T A PB. H M ■£ fn fit) m 

sjt£,^»i«&8i^*-aiisafctiajTAPgnt(iaife, 

a'haifestia^^wittem^ 

6 1 ^Z.¥,S^!£^iA.3^a#Mfit)fltfS]^^tglS1¥aSH^ig 

ipaa±i^fitiatfco 


A.Einiteio in the London fimei117 SloMon's Easy Uuons in Einstein, 1921 o 
0 A.Einetein« Annai. d. Pfcyi. .V^.20« 1906.627-^^33sP. R. Heyl. Fundamental Canc^Mt o/* 
PA>««,1926.71. 

0 J. H. Jeans, Asomieity and Quanta > Cambfid^, 1926.12. 
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a ^ $ fig ® s ih life ® ^ ^ ra fa ite ^ ^ ts-K. M in SI 

if!^M,sfFafl<itf-»®ftiS-^tia'^^iem,gp 

ffi ; 0 clt 14 se ^ tfc ^ i@ ^ ;fc pa , s «a</“ # s " g T; fip m «&<i 

1 730¥®^,JPi^SI^^^6l«:Meffi!SW$'ffco {0:1.S 
fa !ia Si ffi ? M o ® H w M fi?) lu _t ^ fj fif) ge ^ M1^ T ^ a ife. a 3i * 

BPgffi 1915 ^fg i9i6¥ffirT«Tife,Ami$®jfea.'eM¥-s« 

it! ® “-fe aa t-u 3f£ A in iJ. ^® a t-H « w iU IS« T ^ * a ife w - 

ft#'ewiS,sPAS^m^ifeii£^+ii-g«;itfeBS;taia=" 

W T+g fit) 16 a ® ft * H ^ ^ SE a Ife 6i) * fill :ftr ffi i5 ai 

TMV]Q^J10. 

TfSIfc.SP^f^Tliro -'-'2 

af^f±ifttio®iib^5ije«fiti««^^j«:fit)*f^fi<jejfe.® Ji/HT^i-u^ 

sp#,® sSi;E4fias-«<iut^ffi«i^?^®«;^fiti^t^efft^#.a#i^ 

fiti0^iiisttifai&9&feia^;ii^fa?fci^^aife<. «ft?'#fnp^i?&tiaifc 


(C D.H.Meniel. Science. Vol. 65,1927.433. 

<Z) P.Dinc.Piw. Rox-S(k. .London.S. a.V ol.no. 1926.361. 

(S V.Heiwnberg.ZeiucAc./. .VcJ.33.192.879. 

3) E.SchiOdinger. Annol. d. Phyj. ,\>A.T9. 1926.361,489.734; Vol.80.1926.437; Vd. 81. 
1926.109. 

® L.do Bro^ie.Ann.(iepA^i9ue.Vol.3.192S.22—128. 

® E.B.Wilwn,Science.Vol.65.1927.265—271. 

® J.J. HKimon. SiUiman ' e Lecluieo, Yale Univ.. £ ft ^ Eieetriaty and Matter . 1904. 62; 
PAi/.iWoy.,Vol.48.1924.737;Vol.50,1925.1 181.*3:tt®*ia®ft«, -ffffi 
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T.X?h^,m:4c^#ih= }tt«[«t/h®£ii:ffi»to 

^ I® ffi 3:^tt ?N 0f'£'fls M ® ^, 5HU. iti fn # s btiu s # SI] ;p ffi ^ 
lfe^n]^g|ilbM-^^SiJ:^-;S(&f)H;/3o 

afflM*^®(1888 ^),Eaft3fe®(1900 ¥)WSS»fa®(1905 ^) 

*. ^ jft A. Sim ^J-T w jft ^ ^ fj --t-^ ^ 65 ifis s M ;l 

^1—*^_h .SSilnBPlSW 

-^>:#l^^SlJi^^^^E^^^6g:ei^jfD±5^-SlJ«-M;^S^r.^fnifil' 

^ ^ ^ 65 at I8l ^ ftn Jlfc ^, W Sc/L I'life ® IS ^ M tc So» S # BT 


Q) R. Brown. Edinburgh Nac Phil, /cwma/, VqI.5,IS2B.358. 
O }.Perrin, Atorm ,tnra.hy DX.Hainirack.Lmdon. 1923.85. 
G) Joumci d. Pkj7. .Vol.7.1888.188. 

(Si Forxh. d. Rontgot. , Vol .1.1898. 

(S Annal.d.Phytik. .Vol. 17,1905.549. 

(5) J. Perrin. Xiom#, 1923.87. 
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»31 /h W ^ ifg W,W a ^ H'J Jl in Jtt ® ssa ^ ^ S ^ 65 *. M iin 
M^A^I^±#®^W^^'£j9Pit§3ijS«65. I-U_h65®iA»f#T^ 
gais^,S#!SmfS?IA,®ffii?3e^65i&iE,iEifl«^* 1908 ^BriSi 

ft5SP#.M#Tisaw?L^?s^f«ftT4«-Ri*ienrtwiiiftt^; 

i9lH:e^ffi.-^^4##A±+:9‘tf»ESpftfift?ljltfe^3&-#*^ 

fiJWW^SEIRTo 

*t§(i;^j^gi;3&>(i891 ^)W<I9.M[^5 !i>(1893 

flb iE ^, in m - #i 5!t-E M is ^ iSi iSi ± «65« S ffi *J-» ± W S ^ 

ftbssE. 

:ffS^0l;£6535fcffT.^KS±0fS^65^;^J*aife±#BI*iI®651« 
lraM5e®ite«ii-',Mft^l^±ii^^;ti^«ii''Pj3it-6iPR= Ain«;S 

a^f^^a^^^05/fi^ffl^Em^I^a^*^nwi^'^;b65ile 

1896^5H 6 H,^^lJ«lgi^®«m^5 30|EM65iSfE^^(Polomac) 

^S®y.a'«?ij3^-sia65i®(a5*5^^ 12 ^ m .s 

tt.i^;jc±^20 3SRM^±STi,a5fciEffiaH±?|-.ft^Wat|SI 


(T /^73. An^,Vol.33,1911.81;N.S. .Voi.1,1913.218. 

($ A. G. BeU, Natun , VoJ . 54,1 896, M«y 28. 80. Ifi. J8i 5. P. Lan^e^, kfcCUtn ' t Magazine , 
JuDe,lS97$ SmicAMfUdn Report for 1997 . 169~18K 
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'56 


^ ± ?t-a fij M IS n ^ * ft ^ it. ft ^ g a - ^ ^ 

feit^i®*^ft^ft80^j ioo^K;2:fsi,^0^ftftf?±7^5(i.M^ 
sn itt-sp « e a itfe jsi T, i-^t S[ ■£ fij * ® a ft - j L j't's. ft a i( ^ 
ft^ea5^£MftScAo®ft^JJft 1897 

Xft.x^^l%ftftT«iEM$^^a»o iSinftfti!&fl+setgKi5.^J5?# 

lb ^ A *8 g W ^ ^. I? a ^ A W ffi * ^ ft'-Il> ii. sp a; 3[^ i*. *t a J® 

Xftgfc-^^iJt«iSM7o ftl4-^5®iRftffi.Sft-^j<SJt&<lTS@ft 

4t.ftaftffi.iinmftffiBiiMiS,sPAaiftifc-;£5±#tto Sje^m 
7aaP5i-ft5tEJ^1^&J«7SWXft- 

1'ffl^^^#^§ISS^JWA7=" 

ft^*,e.@EW®®]T.ffemSXf^T*o fifeft 1898 ft^g^7Eftll 
7cWig». i«:B^jE«rt«Sffl.ftS6?IAffiaMBt1g. i3T-^ 12 ^ 
:^,E*^aa44i 

*diS#^t6flSJ£WftMlf^. #l«xeWC.M. 

mr—t 52.4 825 950 

i903=¥«^ijft^ife®±ff^fttfise-i<.®jSfifeftg^fl^ai!]7H 

mmmmo 

1914 OUT. 7ft 

J® ?tj M is : ft f IW H m ^ 1^ a M ft nt S lit ft * ^ ± ?i ¥ij 7 ffi 
0^0 

20ta:IB^O.AfnSi«lfii».¥lSft-iS^o ftftfiJft^ftA.mw 


(D Smithsonian Report for 1900.116, P\MeW. 

O S.P.LAngley, Smithsonian Repon of 1900.216. 

Q H. Leffcnann« Smithsonian Repon . 1918.157^)67. 
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*0c*Hl^gMTBr^a^ 

1903 ^^-e}c:fla?t)JfeMtfc$'HaS6'i^Miiflc 

a^«awTe3miit3t£-imTTifi^^«Msa^mgEa Bimmm 

mmmm 


^ J.J. T X 

1884—1918 

M.i9i8¥®flb 

«t^*fhAn6? 

<S 1 X W® 1 X 


(I) J.J.'nwnieon. PHU. May. ,5.$. tVol.44.0ct. 1897.302. 
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. 

?l W ® iC 4^. a ^ fg iJi. ^ ft W M, fi Jin m in W S ® ^ W IS SS 
% m X ft # St 315, ss fn iE ^ » m 0 ffi a 1-IS yj. ^ a ftf) 

yt.a#,«Ma^Mj^sfn&^®i4^4^WT~#fftt:£6i]ti 

m .—Bp?!egitiiqa,fl:^;pi^*ifit6<) 

Ji. ft a M. S n y. r <S W 5? IS M t» « Hfe tii r * in M ^ ife 3P # 

00 ^&MA^mM“IS^'’(atom)-m=t:#.*l^* a(:^m).temna(^ 
ipj)o 

^ fg yi a # T 80 ¥. a ft # ^ 1^ 0 yi a is T. ft i^ {^E«156!-:(Is 
ftT?£^Ie6^)ft^P*o 

aetj.j. ®ssafc^a^«ti"^^“««t’’,. 

iilgft 1891 

65*;4;i^fSE&?)«^,gpfibft 1874 1881 ¥)iiist.ie% 

- 4'S IfS 6tl )!4 il-H ®l f6 ^ 1-U a # g j» a fi ^ » ffiH 3)6 ft # ^ « ft * 
6<I CGS(iS3|t-jS-#)S!lo®a*m:S;^Pte&mW*)ft^^ji-Sc65,fe 


<D i.J.Thomoo.na.May. .S.S. .Vol.44.Oct. 1897.310,311. 

® *^»*—t-^sE^.iftffiisis^ssT-iSK^ifex.aainftsr+iftftiUT 

O G. J. Stoney 15a«nCi^ Trans. of the Roy. Dublin Soc. »11. S. (Vol.4«1891.563. 

<3) GJ.Stoney. Procwd. Dublin Aor. Sue. (Vol.3,188] .51: PU/. Ma^. (S.S. .V0I.IM88I. 
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ft 1881 

J.J. 

|g ffi * a ie St M ^ ^ Bt gf S $1J #:iC ii i^ ^ ^ ftfc ge as o 

^T£m 

Bi I-U S ffl # # ^ 1^ 6«) Tbr & ® ■£ iJk ^ ® Ig ^'f’» file m ^ w Tl ^ 

*TMTiwefe0fwr5j@ 

#ii. .±s^#!a?t)T J.J. ^S9st&±«x 

. S St Ji E& T f& W-S JBl «¥ St. la Jt * T fife 4 Jg M tt IS ^ 4^ * T « 

flfe¥}fiMj0ftj^tJi,IS?#5£S- 

s ® ^ s w SI]. s fs i e s ©I ® ^ M w ?2 4^ ta fi f# «413 ts K 

J^SfST 1871 Nelson), fife ft fife 65 

ffl®±A^o 1894^flfeASiJttH-#K,®3|6ft-^S:iai4=^IS^A'^¥ 

mn. ft 1898—1907 ¥Wlfl].ftfeftIni*A*^^(McGill)A^ft%a# 

ft 1907-1919 ^ffira,flfej6ft}B»r1^A#65#i;S= I9i9^ftfej& 
sije^^as^a^ttis^mftT j.j. ®it(iat65-^s;iai4^3S^ftft65 

If^o 

1901 ¥#*«fa&T-^i!;SI?65^9S^^.®BP^%Tif«g 

ja?"4taBt^®*t.ifjjeirao &wt^mms^tE i88i ¥®«ft«iift 


<D Helmbolb« Wisteruehaftii^ Abhandlungtn , Vot .3.69. 
® E. Rutherford, Scim.Vd.58 >1923.211. 

<3) W . KeuAuenn. Ccttinger Naehhcfuen , Nor. 8,1901. 

0 J. J.Thomson. Mag. .Vot. 11.1881.229,1230. 


.^6n 
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1889 

®I^aSE*Siii«T. -^4 i630^,fegSiiJ:-ff*SI»?M*(i[li±Ji 

$ i£ 7 * i* * 7-e ff] W is ^® # =& W jffi 6«) i« in= 

1901 ^iufr34^j6aii“!SSii^7MfD& iwi 
^,^SiiiSiiSTfi<J)t5t«¥^.ffeXiSaiT-#»fWI^7«S= flb^T 

I? S£»r^#«ilW«^Jifi 18^0^51 
llb®l±i5leWfeWI^7(*iE7)".“'Efntfc©l®W1^7S?4^4§^,^M. 

.in* 

^ IS 7 ^ % WI^ 7 7 : ®r ife fi ff «!I ® 7. SP lis. *£ fn sr te # m ® ii 

Mo i902 ^w«zi^,Sfibfnww5£xf^>t>,ae^i^ 


O O.HeaviM<fe. ColUcUd Papen ,y<jl.2.5\4. 

O Jeai) Rey. The Increase in Weighs ef Tin and Lead on Caldnation » 1630« Alembic Club 
ReprinU* No. 11,1895. 

Q Lord KeMn.PAi^.iirfl^. .Vd.3J902.257tVol.8.1904.528{VoJ.10J905.695. 

(3) Lord KeMn. A'otve. Vol .67 J902.4S J03. 
iS) Comptes R4mdui.Vol.l34J902.85. 
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J.J. 

W .ir.^^^Wrttg^i!n]tfcB:fc’’iil$i"«t6*S^SIIt30 000^. 

®,IE4m^)S4«4i^H^I^TlEgM0.000 

±= 1903 ^ 

f^i®M“*>i:'"(dynamid8)®o a 4> 

'C.'MP^ifi,aii-^'£^iaai-^5t®^*fiiio sa!K?«iitifi^i^T^ 

3M^4,pait^^. 1911 ^,E3£a(^fl*ftffe«:*:^.i^ 1913 


0 J.J.'nmraon.A'oftire.Vol.67,1903.601.602. 
® J.J.Thomun.PUl. Afar. .Val.7.1904.237. 
0 Rutberfoid.mi/.iWa^. ,¥(4.21.1911.669. 

0 A. Somcoerfeld« Aiombau etc . .4. Ed. • 1924.14 
(S) C.C.BtfUa.PW. Mag. .VoJ.21.1911.648. 
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*[m-(J;]1«:l?±fifet^S?ETi^i^;gi5^(DardaneUe«). ffeJfeMT X|^ 
fib*i9i4«^,®^ffi-#ffc^^i?)0[*)ttK®fft^ 
ft?J X X 

ftbmwT'Efnwfgfi^iTSti-us'efne^i^tiS^ ffemwawm* 
ff«::l92.flb»f^.*^;tfl&(Sfgtt)^#*92#li(±&()7C«o 4* 

H fi * 

1912^,Sia.A.S. 

m * * fg :fc W E SJ o ® fte S Sft. # jS 19 fif) I^ T il 207.19. ^ ® 6<] 1^ 
^*^^ 206.08,m;A:^'j3EWfg^®^206.34o Slc&ISlil :®“Sifnfit 


© iV<uu«,V<a.96.1915.33±W3fe^«S«W«a = 

® Mowley./’U<. Mag. . V<4 .26, 1913.1024;Vol.27.1914.703. 

O T.W. RichAnb. Smithionian A^orf for 1918 . 205—219} Socnoe« N. S., Vd. 49. 1919. 
l—ll. 

0 T.W.l{ichaiik,Smiths.Rep. ,1918.217. 

G) P.Soddy. Chemistry e(the Radio - EUirunu ,Pari 11. London, 1914.5. 
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a =4058A 

ATWiiffiMiSfeo « i9i9^1i(M«{Si»iiaTScltS!WS7c«6() 
1919 ^9itoit&#?f?T«-#g7cif Sit 
ikWf^^4«= -¥4 1913 ^j.j. 

20 m 22 21 

#j^20.200,A^^f^^ii^SWr,iaM#l^ffij^CjiIitE^;m-^Wo 

35.46.;i^;t-^s«[,<Hpgmts^esE,'e4M#i^ 
35 yi ,'Z\nm^\t% 3 tt 1= 
^p|^s4ssE[^c^Sf<.® 1920 ^ 12 ^ ,mmm^mj 9 

24.25 W26;ifD^k#i»W 
24,32. T 


(J) Astr^php. Jcuf. , V 0 I. 47 ,1918.96. 

(2) J. J. Ihotcmon . Rayt n^ Pcwilnv E\«etnatj . 7»ff. 

(3) F. W. Aston./>Ai/.4/cv. .Vcd.38,1919.707. 

<D F.W. Aston, Phil.Mo^. .Vol.39,1920.449.611. 

<s> 

(S) ^outAfomon Report for 1920.239. 

(Z) A.J.Dempster. PAyj ./fw. .Vol. 11,1918.316;Vol. 17.1921.427. 
(S) A.Sommerfeld. Aiombou etc. ,4.Ed. .1924.162. 
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■fe lil «l£ fi M ^ T W a f£!'^ S¥ # ^ W 56 

^-^»:^*T^Ta^®@Mife3;c'^St4SAg^SmMW-tea^fe 

2?? 

/h M tfi it #P * BT fife 65. ® »f a ife R ft ® lit fS] iU - ^ ^ 5'J 4 W 

in. {5^^4^i.l.-'^Sftl6*65i^it«^JS-^^!fWiaIgi"^6^) 
K/MB*65^ii0^;rWitSlt?=±o A 65^flii 

E, MftilH^.lil El - E, ^;i^65m»3ICj^* h. * 

Ej - E, = /«. 

«A^_h«rtlfti^ft|!g'^i^iifl5t[M^'t^. 

Tfti^^^i‘.m3.m4.^5.«^it^w^ii(“n6^'’)Mia 

m2^it,Ei^:A^w^i&m^st^itai3teT= 

.n^it^65^iIteEia^ 11'^il, 

8P«6^#s!lTl^§fi5s?^^^^^,fin*;ti».i^ 4.m 5. m n 


0 ^JS. A.Sommerfeld.iliomAoii ufu^ ipdb«Z2tfU0i,l9249 
® y.Bcku, Phil. Hag. .V(d.26.1913.1,476.857. 
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~s![■t4,i&®^a-i:^^^^^#^aJtii^aifen Ma,^^Rai£:^ci^F 

* SE !ln 6«i ¥■ KB W ?E 4-. f&a a ^ ffl-in'HI jl a igE S 7L K 

^ fi ® a 6^1 ^ ^ w m fis a 4^ M ^JJ 65 ft AS= 

S W - 4^ % 4= W ^ SI fg iE ^ 6565 fSl ^ 65 ^ K? T 65 

*[)^4^*#^flg;^aS#Kflife65ftba:&-SS;65. ^Tia#1#ia65^r|i.K 
E ^ A ^ 1^ 65 iJi ;t -'Mr «f, ■£ ;*= i T « * *[ 65 it ^ ^. ifi] ft ii ;t 
Ktr, s I'it ^ ^ « T. f[ 65.'I'« ft IS ^q JiD fij fa ;e aE a X ^ 

K65MS^?tJl&+irt^B^«®)?-4"65 I—6 
:^^©f?ETftfn65«mo® 

S^fi.R^-4'%T&5«I^TIS^^iIiia4ta,f0^P^4'%4^65 

wris^a 

XfinSfnBiS#fiJ65,a4^ifeft 1915 ^SmriJWiL'hSSa 

65^§Eo ^A^fEa:#Sr6tffl?JSE^i^4=ife4’= ftW4-a*«65 
il;£o S!5^^^fflTRtgl^M-4'#4^iafef465iaiig^liiI„ -w 

rm la jg III it (ft # s!S It at T BT w ji IS 65). ft ii ® ^fi it a g ± 65 ^ 

**e5^.^4'= w. 


C) F.Reiche« TV ^zionrum TVofT*, tnuw.by H*S* Hatfield and H* I.* Brwe«2, Ed. , London, 
1924.90. 

(2) R.A.MiUikan. 5nen».Vo].69,1924.475. 

® PhU.May. ,Vol.42,1921.123;Vol-44,1922.842. 



268 / 




370 


J&mMWc *Xifi0jiS6«)^^,«iiS**T'ewm-t-M1^fiE;i)p;S:, 

in.® H 

0.124A. «5:miA:®“%a#s&±s!tt#W*6 

w » a ffi N] - # tfi it # « sj * »f If s;« ®s a w » ^ w «[ a 3fn ^ 
S^4W®W±5P#t^AMjS5!l= 

1918 ^^ ^ tU T14: ? ife « g ^ a ife ;3: |0] 6(j “ X^ M 

Msifeo mm^iti]-mmmf^Mm.iti]-n&fim^zm^mm9SL^ 

it a a fi<) w s 1^ & 3M « w s « M sa a «®^ Si a ife 4* jit X A * 


0 F.Reiche.rai:Ba®,96, 

0 R. A. UillikAD, Proe. Am. Phiio$. Soe. »V^.6S« 1926.74. 
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1924 

^ M ^ ?|e Sh a ®^ ^ 14-^ ^ ± ^ M S fi J^ ^ Ifr # (SI 
M. PiSI^^6‘)?gSi;;iEfeiF[lflJ^im5E:fc^6<] G.N. ^J^»f^E 1916^ 
SS IS * fff i£ rt iS ii JsE (Schenectady ) W la ffl 4 n ^ ^ M M ® 

7E^rE>]’’(ceu),&a“i^7c^rBT"Msfc^^0*^wffi®]fffW^.^snii 

® IS ? se ^ s fij A fn M a m T o 

iEiffl»IifiM@ftii!!SW-#.-^lS 1899 

gy.J.J. aiSai;6lJff«X#lil*.SItM[i3T####6^S!l 


<D FhU.Mag. ,6.5. .V0I.47.1924.785. 

® G. N. Lewis, your. 4i7Mr. CAem. See.. Vol.38.1916.726. 

(3) l.I.angmuir, your. Am. Chem. 5oc. . V(d. 41,1919.868. 

Generai Physics for CoUeges by D.L. Webster, H. W. Fsiwell .E. R. Drew, New York. l923o 
0 J.S.Townsend. PAil. rnuu . Roy. See.4 .Vol. 193.1899.129. 

® Millikan, Phys.Ra. . Vol.2.1913. 136: RAil. ilf<ig.. Vol. 34.1917. I; R. A. Millikan. The 
EUnron . Chica^. 1917 .Ch^. V. 
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W«tt 

aineisM a 

c.T.R. 

ie^tfest^^s^aijie, ^4TMtg*y™-vhT h. Btm^ ^ 

^rtw^ ea /»0t.sfe«^^@EartBJE'£«sp^j-^*$$i&®^ ,s£ii4^ 

^T“S»"ig^wf5]0,iPiia«affiig^4tTttJEifrtt^jssi 


O S3enee,Vol.59J924.326. 

(Z) J.Frtnck und G.Hem, VerhanM. d. Deuudt. Pky$, GeieUteh. , Vd. 15.1913.34; Vol. 16. 
1914.457; P^^,Z«4cAr. . Vd. 17.1916.409.430; Vol.20.1919.132. 

O 0. Klein und S. RoaeeUnd, Zeittehr . f. Phyjik > Vol. 4,1921,46. 
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M”+iEBi]o ^A^ff 

^t^4^&^M^S¥aT)-T-^:6-ao iEAB|S:5>^aa W.H. 

w.L. 

mmmm.-7:^mo i9i2^.^;E?pffeMisi*sse.xit^®«3tflii 

-#ef^fflMfi<*3tiEH6ffiit, w.H. X wsis 

« 4> 0^ ^ iff tc W/U «:fi-o ® IS ffi * S ^4: J9f le It M ^ 1^ ^ it 
is * 111 ® IS w SF ?E. m ^ ^ tg # « ^ ^ ft. It ^ tti a 1*ffl m 

c.G. i&^ifnsstfstfeffl X w^w^sawt^ft. 0. m^m 

m^.s®isiSiBiT'Efn&«)tSj^tBt^i4:tf?ijagii#«i^Bjao 

M:^rfeo® 


(D S.laritiPhyt.fUv. .Vol.26,1925.573. 

(Z) Gunther Cano. Zeiuchr.f. Phytik .Vol. 10.1922. l&S. 

<3> K.D(mat.^±.V(d.29.l924.345p 

($) I - Langmuir. Phyt. Ra. « Vol. 26, 1925. 585; J. Fraock und P. Jordan, Antegung von 
QuofUensprllngen dunk ^fOtie,ESeriin, 1926.215. 

<3) W.H. Bragg in Soanee. Vol.60J924.139. 

® A.T.Joff6 in Pkyjikaiuehe ZeituAr^ . Vol.28,1927.911—916. 


.^74 
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■f^o 1925 

:4?'eSBtt®i5^MI^7TfeSig^o 

lit to:' ^iiEtfelit fci:3t&l:®»±®*>^m c 

ft *-»Bssiir«.vjiPSjR$-«;w«¥. asfcjiyi.™' = fti-» 

mc'±«iD,fti. «di-'o 

«ss^aii.«^P¥'#i9JjpT y rfibw>resw¥- 

m. 'e«4^«w‘‘s$’’(fit3)ife^^ 

bK ?t) li» # T SE ^ W it i^ tfi a M ffi » ^ ft, fi Ji fife-tfe a SJ T K ^ Hr M 

mm. «fnwa.5fc^-T«?&^*waE^i3^.'eji®m^^TS^i^ 


0 M. Bomt ProbUme der Atom dynomic ,1926. 

O Louis de Bni^ie, Thi$a , Paris, 1924$ Onda a moucerntfUi Paris, 1926. Ji. P.R. Hefl tn So* 
entific Motuhiy , January, I926 q 
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Ji a. sc ^ - S iil fiti £ :6-g W-t-5i-^ fiS fi^i :6r ^ ^ 4 ^ m c 

M3fc®ft'E65CEa? a#.S«JiiliT“iSM^”aife. ■£*^.*#4’ 

^ESffi.aw 

-4"Aiii^^asrS7fe**s^Maifeo 

litfSi«65:)5rii;i»»TA*M*3:.iwm'e:fnffimTfflTa:^ai^&5«- 


fp fil^ 


377 


188—189 19tH:aS^[S]Eb H. 

R.m^mMm^rm~0m^m. w-i'Btffl.AfnjttigjSSfr^:^- 

®Afnffiaiie4^iasy 

65®*sffi^a$wiinjita5fe.iss?^N®®'efna!i4WFS65-^^^4W 

%.Hitt^^^te^-A^ao” 


(S fUiicol ARiw.Vol.29.1927.908.ft W.Duane in &iaK«.Vd.66,1927.639» 

<2> E-Seh»din*er..inn«/-<1. Phyt. .Vol.79,1926.361.489.734; Vol.80,1926.487;Vol.81, 
1926.109. 

(2) 0.hoA{gt, Modan View$ ef Electridtj A992. 

0 KuUur der Geg^necrt > Phytik , 1915.323. 
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378 


&<l ® W jg ^, fE % fiS ii ^ » ^SS; Jt 5g ± ft la ± I’:E ^ itP # ttt ^ S i ft 

mm^o 

^^4^15iKJ5a5:= 

irax=fTI¥W^^fct«W^MA.^tt5ftl^#JP«M«l?A. 

w fld»«■ ® eg a w ^-e ift ii 0^ ft 3s ^ :ft-1&] ii a M ^ ^ SE 
asgftxstjfw. {aji,flS^tJBtlfigS^^rt^&fe}9rflq(Nebraflka)A^ 
w^®»rtfisftS5e5Rfirttegma.®ftffmweg^«'jftflfiireg«ES 

^ fg ii 0^ s ft iBt in i« «f& g £ eg a ifc, BP ^ ^ eg ift ig w :$ ft; eg ift 
^iEi(f:Rft^si^egtt^,@et'efneg^^&;^iEjiAfn0fa«Meg= & 

ftas^rseg^ 

B8«i, iroft.aiii?i T %88[ai^^i#sj eg f^eg 

■^m^o ssft®tiE?^'efng#ft^#^i^egiSf+T*m^f^di#¥ 
#eg.sitfc^ft;L^ji!*A«t^i(teg>a®o ifefnii^w#^iffl»:«ieg 
<#?±ig>(w)egig:“^djii»^q=^eg;i-'hitn^?” 


0 H.A.Lonnts, Vemich einer Theohe der Mitruchen und optuehai Enthei/mxgm in betotgten 
Korpem . Leiden * 1S95 . {& % KitUur der C e gww on , Phytik^ 1915.324 b 
0 A. Sommerfeld« Die Natuneiuensefu^en » Vol. 15 « 1927. $25 . 

0 Phys.Rev. . 2,S. .VcJ. 19,1922.387. 

0 D. B. Brace, PAi/. .Vc^.7,1904.317. 
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BE ft ^ m M Sa :t: ffi 3c IS i*. M Ji E& T % jfff 4 M iCl 

1903 j.j. 

0 ftism#3ie,iEa^@EWfflTfs:^a7DiK 

S.j. am^m LJ.H. flfeffl^ 1914 

^ W ®1 [^ W $ ffc, ii( ® ®-e M « ^ :^r ft] ffi iffi i& ^ W :j5-Iia JE Sp g iS- 

tfoiSffco"EM1^& 1915 ¥WfBl5PfT«^aSW@fi^4«M3a*Wtt 
$ T SE *9^ M iW ^. ftfe 3tt SI. tfi ,« W «5» «J ^ ^ ( Heusler ■ 8 alloy) fP 

E m :i M * SI 0f ® f W % la (BP * fiS-ft; i iS ^) M i£ » 

lfiEo®l9l5 1916 ^.SHJ(frfifpP&»aff a^Ta^iS?«la«^ 

l&<,®;s3^6.»^^f^#®,s^Jt^^«f^pi^Ia^®5^^aiS^«l^f^T^ln]^a;s« -'«<> 

i9i4 m 1915 ^g^^#@!6^l«[^go 

Wi^a*^§fJ4-A»l*Wlii»WS#SS:iao® 


O S.J.B«mett> Phyi. Ret. , Vol.6» 1915.239: BuUelin National Reteanh Council .Washington. 
Vol.3.1922.«i&»:£*#njA^ffis-^t^S<CanM«ie)#Rn S.J. ffidUiiKu) 

:A:«»7LK.«fgfct£*#69ftH:>«ffi»ft(WiaeaRain)*4^n4«Mln|lffi«t^((H>erlin)4^R 

® O.W.RichMr6eoD,Phyt.Ret. ,Vd.26.1908.248. 

<3) A.Einstein and W.J.de Hass, Verftandl. d. deutteh. Php. GosUkA. .Vcd. 17.1915.152. 

0 J.Q.Stewart. Ph;9. Ret. .Vol.ll .1918.100. 

O W.Sucksoulh and L.F.Bales, Pw. Roy. Soc. ,S. A.V<d.l04,]923.499. 

0 S.J.Barnett and L. J. H. Barnett, Proc. Am. Acad. Arts and Sdatce, Vd.60.1925.128: A. 
SommeHeld, Aiom6au , etc. ,4. Ed., 1924.635. 
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^rn^MT 

©fn3SSE^m4)KaifeMAi'S®efi3eK±fttj^eM. 

nt&^m 

a 1-^ ii ;& ffl T @ w * ^ S ^.-e If e ?() T # ffe tfc 3E :*; 
ift :2: m, se S A a ii. iR gj. iE iffl » ^ « - # * w ^ ^ H SI M ^ ^r tfc 
lit. 5(1 s jse w # ts s js ]& i«, BP % ffi ]fi:« « ^ ^ % w % § ]fe fa, a a 
iS^iiW«tffcSi£t^«SWf^M= iS»0E<i:'MgefflffiASigT%iS. 

ffei B 0 fi!tEi<j"r a M®w«[^^iff"M^g?l .ftfeffitff t^5!j. 

a ^ ® 8g s. ffi ff ^ T 3? # ii M ^ ap * ji S), §-f S£ rt IP ^ ;l 
'tmm . 

M^«|!S-“3£MSc-^^fflo’'®JSiS^i(^Sfn,« 1894 ^W3t-A 

AfiEtSB^ a (^@.® ^B^ffe»gffifi|±MfS-^(Fuiia) 


(D Stem and Geriach» ZeitAchr.f. Pkyi. .Vol.9,1922.349. 

(2> Michael PBptOrfnm Immi^nuu to Irwenior.fi^ Y«fh, 1925.335,336. 
® Rl± MS®. 331.332,336c 
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ji ^ 1 ^ # * ^ i£ »f ^ « a ifew sp ^ m iBfe) M ^ iS ?g ^ S ilit 

(jAim 191 

jsE^Rit 

W^BT/g. 

S^^afflE«SE±j 

a® 1906^. 

“3Cftfl!7W”:iaiitS&<®fflW##i&iS«S±WS:*:a[ia= 'EM® 

®ii8aw^iMaif#'efn5^“*ftffi7"(thennion8),jfafia®i^ffi7 

*^36««i:;^^:^rife]^«[«»ai,l[ia[«ltilji|gK4iilEti-W%ig1&9S{ll 
3!E6^c S:?»r1^^P^#^R^^Sg4S^[®T^^^'|II^KW%T't= 

L. ll•^ilr»r1^fellB^IATgfea&^J 

1904 ^lit 

Wt7= S l906^SIUM.^i•^S®m#^#SlJTffi^AI§^il(L^^«ft^^ 


(D J. A. Fleming. TV TVnTuonif Vafae.Landoa.1919,IR Un SS 5—TffiftlB 

46K±,^*«4K*7“Sii4«;SM883¥.*ji4tte«fl-«+««S!l»«?«i;l2, 7F. 
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?K4 


^«W2e®o 


p m 

g ^ Jill s ^ ^ ^ M a fJ aft R IP ^ flt ft j-u ^ ^ a ife S W1# 
SiJfS:^:146ft*Ff:aMo iffl 

f^fflM|SSftff^fl^.M^!S^»ie^afflffl^>^■±o®l9l2^.D.C. ?ie 

a^fxstfeie±-# 

w.c. R^®E®MTK3Sj»iSm 

m, 1900^,w.c. 

c.mntE. i9oo^f#iijMeF^*gRS-aMo 

MfH(ininoi»);fe^MSE«l®,l6aW«&^»««rffilSffeS#AMX 

f^o 


@1 m 

ai7ta:fBfl^ ,^gigij?w^ttfnfTfeT4^ifcawyf^aft0^ 

(D D.C.MiUer.77WSc»n<X(^Munca/&»n<lt.Ne« Y«fc.l9l6.89. 

O W.C. Sabine. 4in«r>«in4nAifa«.Vol. 68,1900(Sa>era/Pa«et)tV(d. 104.1913. 252—279) 
P roceed. Am. Acad. <f Aru cvuf $eunce,Vol.42,1906.51—S4. 

(3> G.li^^.SiidersAkad. Wiss. .Wien.V<4.120.1911 *24.613—634. 

(3) F.R. Wfttion, Bulierin No.73. Engineering Eap. Sta. . Univ. d lUinou, 1914 1 Science . Vol. 
67.1928.335. 
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fn # # * 'MH: S M 6«l “ - » i*.ffl; SSS W j® ® a 3t£ W S 

^:f]o ma^*®y.T-^tMftsc.ft't’ta:*a8t«Afn^att7^3^ji 

M-ttSS!SA5trM^*sMS*^'TA^^#Ma*, 

fi;t. .M»Ak€)c^« + flf/T ai imaJT wsias? 

fti^M^a^axa^sar.as'j istasA^e 

E «8 ft ii& jtt A ^ ^ ft M fR a Bt, ;*■ S ;£ T ffi ap ® tic S eff e ^ W iiE 

iK6^tfl:^o®ft 

?54’Kftm*4Ac #fSM,iiw*4sa^^#3ieAjS£M«si6«iaa. 

19t«;SW^a^*lfc«SiJ]SM3Eineaft(Niagara Fall8)M$g|^ 


0 A . N. Whitehead, Science and the Modem Worh . New Yofk > 1926.12. 

O Paul R. HejX, Fundamentai Concept* fjf Fhjm in the of Modem Ditcovery. Baltimore. 

1926,Chap.□. 
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201ti:4a6ijtia^^®fc«a-^^ai1|:5-&@{YeUowstone Park)6^] 

^ 1^ #, _a M ^ A is? w T ?tj ^ ^ M s sy , 4 ii-t nfe :)5-^ {z 

H :5i-;5: - ^ ^ ^ tfl; m S. :*: :fc Ift in T in ^ T ti a # ^ ^ W ft] 

w. 1^ in M s s ^ 6<) «i it w fefr i« ^ ^ m ^ 1 'ift fr«in ft] it fli 

sineis?iAT2^K-®*w«[^^i^^,'&in« 

i^^$'ffc£fefl56<ia^4>®*rgwi^ffl,igji'einw!aa*jzip^;F 

ftUMo fi?t6<i*8ttaife4’.itiinw^:^ EWfig^B.wsM^a^o 

-^AflgfflissiuAwaw^»W;^j^i4®3i6)B#9fwaftiwamo 

¥^±,SSM^^5^TWAW3(iE#^Eo #g«}S;?IjaT#«[ h, 
fii: h jift-^? KfniS^RM fcv )»»T?t^a«ip^ifea3e.iB;iK 

.187 1S3i#®*iJ.!^a^^iE4b4a#-#E±Mlfe1S[±.1tfe1leSiJTS# 

W ^ it ?f % M a:«-15, M X ^ M iS # 15 fei * lu ft-4; :;tr St; if ^ 

^Wo 

«>K5|3iK*&5tlLS!lJgf1-^? a^l^Fftiilfi^o ® 
fn$1#^1STi8P«'aStttifDT;#^.il''eTo ®S.SrMaSt14X!l'* 
mmno itniiaB5®inw®i^A«?!fiBMi8ift.0Aai"^^^?g. 
* a ^ a II-^ a M WI^ ji& fft M ft) ® If jg A, H!) S li ill 

w¥aTO»i«M“Aflsiflit”was= 


O O.D.Chvdfton. £>(e Evoitaian de* Gaata ekr Phyiik. ,1925.184—197. 
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tl 9 r #( Colchester ) W ^ ffi ^ 3 SP 0 ^ fin. ^ as W id'I? 1 i ii B& 

m 6«l ^^4', ® ■& T Sf ^ W8li”. 

^ iij & sp ® H 7^ s i^F ^ lit If * * M A ffi ii ® ^ IS # ttt Jt ^ ffl 

1667 ^M<*^ 

^ it M « ± fn a «:, iS X 5 W 9f Sfz IE 4 « Si ^ , SB 6fj 3C IS IS 
0g4>fiffifA^o® 

3;is^o 

-ft ^ 9F ^ IS * lit 3ft T tt « se IS * « « 4 


O 'Dm . SpfBt« 7^ Hiftory of Hojiil Sodetf Umdon . 1667.323«328s X 0 jIL Revert > 

7V Vs^idneuef E^,eriment4ii PhU<wphy,OiMAe^A67],^fK^ak“:f3 

(2) A.D.While, m 100Htt(S).Vol. 1 . .405« 

O a**t^butiktuiium”• $ BrockhAue** or MeT^'i A^mersoihvu - ZextAong 


3ftR 
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^89 

2lA^1^M^WE^:^(Teniere,the elder)(?)&?)^ilio 16 ttt;^ 

^ ^ ^ - T 2: A W:®.«;#j. 4 IK ffl # 3le. a 5t£ ^ iffl ^ fg Jt ^ T *S 

6 A ± fiJc # M e &«) tt )9f. fife (n »7 * ^ W tZ 6<)« A 6^ ^ 

mmuv^o A^«tw^3^^A±;tsiE^t^«^fi^)ffi#4fcMa^f^a&w. 

-Mm i9tH:iii^,*amiSM*^ia6«)'ft 

S * 7 § A ^ 0 1 ^, flu 11 ] »& IP fife fn « m A # W lii ffi tl a ^ Jf S& ® ^ s 
^i4AHi.%a^ia#tfeji*i^-7^7Mia^TM.sfc«i(t!!Msa4f=A 
fctE^AA.AairM^nffciaAi!P4'A^*,-'1'A^ 

lK^|B]M-eii^J-$j®l4A«f^MX:§5. ^4=J¥WiSX¥ftflfeM'^f^ 
fi W ?£. il 0J 7 ffl fife S ^ fli. fife ® ffl 7-«iS ^ W 

't7,liiaflfe“Aflgfi^^M;br®il6fflffl'e",ajltflfe“Kf#ffi«ll±ffl 
.’90 M-E^o A0iftflbS'J#M»^M^j«7flfeW^7a?tfe1R^^##fe?fe 

#L^o 

7 a # ^ I® ± 6<) ii II, ii ^ A 7 W # ^ 3i « fit 3E ( Moravian ) 6«) iZ W 
&A^^Sffl9f,flfeift:“AfnSt^A*A^A±,MJl^nrtgSfeAA 


0 Johroon'a Vnivenol Cydopoedia , “lAborafames"— 
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iiEW<,"ffiB?'*f :“s#WA*0iiM? 

^ ta ^ xfi« gj a ^ a M «t w m ^ ;l ^ ;p i-u g It ^ )(^ ^ tfg s 

sijsita.^^aifeilJ.^l^*®f^»jft^^w^!^^s'Ii^^lIW^«f^^TT^g 

iiffi^^5iiiMis.Afnifc(^SS¥eB+:gffiTifflif>^^ii®c 

ftfe fnj® ^ ¥ g Bt ?f W 5C a ife « ^ K. * it ^ lil ffi ^ fit a M S Bft 

EiE life $ « ffl! in i 5 w ^ B; H . s * s a ^^^ ^ife fn H ^ 

®o"® 

* a a iS ¥. W fil }|)T ^ ^J H ai T « 4-A IE «1# ?J ^ a 6D ® i®. H 

sa.¥gM^^inssM#¥$i^M®jaiS¥. 

®t1#^5tltfe1&o itaMW^^fSS. f 5fe. 

1fcMlraegllfe^^3Cl^¥S@r«®. 1fc4^»iR!^^¥^&^JSI^^^'^^S»i 

ftAMSWS^iSHtJiAklSm^ii&Wo 


(D W. H. Welch >**11^6 Evcdution of Modem Scientific LAbrntoriee**« Eleeoieian ( LiWMlon) »Vo). 
37,1896.172. 

<2> J.Pnestler.On 4ir,BinniD^uus.l790,Vo).l. ,XX]X. 

<3l JoMf^ Pneede^, History cf Eieetridty , 4tfa ed.. London, 1775. XV. 

^ **Scjeiitiiic laboratories",yVdAirr,Vol.31,1865.409^4)3. 
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1824 ¥ig2;?Ftesij 1831 

MT=® 

fife @ B je«iK # w sp n w@ 1 ^ ww ^ m s iij s «„ ”®fib T 

^ SK $ f# ^ ?f£ ® ^ iS ffl T: A ^ ?F jl& ifl l^ j0[ ® flS, A M ji; W 3^ 


<D T. C. MendcnhalJ. “Tbe Evolutkm and biflaence rf Experimenta] Physic^'', in the Quarteriy 
CoUnJar of the Unuienity cf Chicago ^WiA.Ui .. August, 1S94.10. 

0 Ire ReaM^.*On ChemiaaJ Labofatoriei'*, Aoiurr. Vol.49,1894.531. 

0 &iena*Vol.^. 1892.S3(N.5. ,VoJ.8*1898.205. 

0 Science ,\<AA9,\992.3Sl. 

O ^Uit and Laboure of Henry CuaUvua Ma^nM**, 5ma^«mkzn /bport . 1870.223—230. 

0 A.R.Ueda, "A Labmlory of ExperimetUal Reaearch/our . Franklin lott. (3), Vol.59, 
1870.210. 
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T 1863 nllUiiiS 

SJ W ^ ^ tt # W-it ^ ^ 3^ ^ W »f ^ ( Breslau ) M a ^S jS ( PuAin- 

if,i846¥P.G. 

sp A a # ift ^ ^ i-:/ift ^ I fii M. ^« M s ii ;t Bti m A. ^ ^ in js Si 1® ? I 

1847 ^1*04 

aMxi^a= 

®j it ?2 X t. ife * « fife M - * ^ 4 IS fliJ ffe.«itfe M ^ e 5(1 fli 

#60isi?o"®X:i.^e}Em(Bacchu9)®iegEseit#^*#®tffitt;t 

Jo «a-l^mTawa*t«lra«8-^|SIMaiTTI^i5W25^;t 

mo “ilfefn 

W)*4@Si*«e5i&T,ffiiniiifibfnffia^iife:^wig^Aw^#3sa3t£ 
i5^^ffiKW^#c.#fi.itfefnw3ftiiifia#Axus:.AinaB^a 


0) Snence,V<il.3.1884.173. 

G .Quincke« Geschi^ue d . pHjiik. Imiitutt d. Vniv. Heidelberg«1885. 

TR-aWStto’" -?V<tfwre,VoJ.3l.l885.411. 

(D /V<uitfe,Vol.55.1897.4S7. 
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# ffe in w * sf w ^ i ^j fib fn w A 3; K ^ M m aij f&fn X . a ;(^ #![ s 

^D ^ i »=& f j w. fa le iA. , 3 £ f IA ® « s * * H ^ ^ m gir ^ ai ti 

^f^:Si;^Aa«ia#iStf^.Sija*egXf^TW=^¥AT= m^' 

Jifflf8!-feS«4fib^o"® 

^WA«(Robert Bellamy CliRon)M«¥^fl3ea3Ca^tia«:W«6^ 

^A. *ftb«fijA^iit^,ftbatt-T3^sMm-^^iS^,“'eji^n 
ftbai+(SlJ^^f)AA«3e^mB^i^f^^ila>^^^&^,i^^lJA®l^s« 

1871 ¥«§'JSFA^afi^a3^,±ft.ftfeM^9&^a2;& 1874 

f0:t,Al.a^hSP5J-A^i(iaiaT3IS^AM 


O ^±M£®.487.{tJiiL^^^18S«^#K$A^mai8).M>«il«y£»j0>».lg7O. 

392o 

<S) A'<Uiire.Val.3.1S71.323. 

(3) A.W.Rucker.Ar<i(ure,Vd.S0.l894.344. 

0 SL A Hittory cf ihe Ctaenduh Ltbcralorj,1S71 —1910,London. 1910:R.T.CIaaetirook,yanc> 
Clerk MaxmtU and Modem Phyiia, New York. IS96.73 o 

® Claaebnok, n J: .76; Afmices of Evidma taken h^ote the Royal Couamuim on Scientific In¬ 
struction and the Adoaneement <f Science, 1870.387,388,28e 
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^ 4^ 6<J i ^ le IS (Bernard) S « S W/hUfa § M X *. ftfe t le SP ® ^ 

^tt^sffewg 

.feHAM^«(3iii®WMA;i-)@f:»we')^4¥(5]®6<] 

^ifeiIWA0= -SPgfc* 

-SfMWo 

fneae^^K^SEig. piiaw«i:®“4 ists^a^w i9ifi;iB%].sw- 
®^#^a^.^a^lfife± Ti*.^»ffiffiE®®aiit^^="i806^,^M- ag^ 

?E»a»y*{St«SXo 0M:?mfcA#f»;afTTflfeM^+5W^96.ftb?^ 
{XMmTffeSEMAS^Wo 

F08S68 Saint 397 

^ ¥ 5f&. a # # ^ fn ^e a ^ M ^ ^ a s fii «::!''m ^ , i; iij * 

Sl^^^«WAEii»^(Duniy)(X 1864-1869 

To ^i;F^»i§ift:“tfce#SJi[S(Loraiti)l868 ¥ 6<l ^a ^ ^P ffi 
(Wurtz) 1870 ^ W^g§5fE, )tt IS a ^^^ ^ ® fifj ^;^m # Jic WiA.iRii 

s^S'^iEWT,a^«^ji45pfisa*^^Wj®jfi«fflmMi'AW 


0 Smithsonion Report j}d9l .26$. 

(Z) Arafo.** Eulogy d Gay ~ Lusmc” , Smithtonian Report »1876.152. 
(S> Heller,n. ,609. 
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.1«K 


1868 ^7^ 31 

% a It ^ fn K fife ^ ^ ^ ^ ^ 2: e 3|E T o ffi 35; m (Daibou*) ^ 

AfciEbasffiSit^nrit:*;SS;'efrUIWT5eit 

.*KSl^SMitfe75-^-|S|fSyffi&t|;Jt^^gl£S^ 

T. 9i^.e«KKW«sfn^^^.eieiuffiifgMmT5fins^R«s(Ger- 

sijftfeT 1886 ffi 1894,^aft 

W.B. ^ifi)tffSMHfg^^AgEa?fa:iEaW^9til!@W.®i®o 1864 

^4 ® ^ *if ^ ^ M S M la tf-SI Bt, fife w fij T a # - ^ fi<j * # 

tlgSMo® 

^■K.flfe^T itBTMi£:“S35;#^Nflri¥90Jtfe$filT#ia^lt^Wit 

Sl.aife*®faAl'UfrS:aif|:Wti-Si].10 

w^it®(Sis@j!e;«s5i?w-¥WBtiii),spASfnsfcflE^;S»fiiferA 

?JfnWfXS«#^4SfS6t|^aff^^iSo Sffi^,Sfn#SWitfe¥ 


0 Cifculor <f fr^ormaiion ,Bun»u of Education.Wtthiiifloft.D.C. No.4, 18 S 1 .119. 

© Report cf the Commiuioner eg fduootum . Waahington. D. C.. 1S92—1893, Vol. I .234. 
© A.Ber^et.in £o /V«wu«, Vi:i.26»1898.225; ^atwe, Vol.58. J2. 

0 « 1928^ lit it W 50^^ - 

© Life ond Letten cf WiUiom Bonon Rogen , Botion and New York. 1896, Vd.D. .303. 
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^ ^ 30 ^ ^ ^ tS [^ -'h ^ 5^ ffa X S ^1 S g W ^St ^g a «JiF It 

(^iHlia i00^R^)i#i3c*-®S^. 

S ^ ± ± fBl ^ ^ ® W isc §S. iSS ^ I'itfe :^r. H 

fl<]-g^X*>^1^jSWift:“«IIH.B6«(I871 

^ s a * ^ * )S iit «S. ¥-a a IS; IS ^ M S a ( Cooke ) li S 

&M. a i892^,Kfn“m®ciWffWA#3C9^a^IUfflltW3C^^a 
3t^aA».¥tia^ffi^X^WS9&.'eM*m^liS®'ttlST3 000 000 

^i6iAe'^>Asi*itfeift*T= ®fnw;LmAMA#aii]TsmA«e 


® ^±.Vt4.n..287, 

O A'<uura,Vol.3.IS7l.24l. 

® S™™a,N.S.,Vd.Vin.1898.204. W36t^:«;L'^*a.«B««a »•)**»»* 

nWK.% A'(»iire.Vol.j8.1898.621.622„ 

<3) A. G. Webster.**A Nstkcmol l^jucil l^bontory,** The pedagogicai Semutary^ WtA. D., 1892. 


-^99 


91- 
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400 

fife g 

m - It S W fs A M )if it.-£ ic i^ « W - 0 A iS ftfe 1^ ^ SE it ife 3e 

an3CaSi*AifeS@|ISM^T3|efSt«!ftfed2>EJi*ffrW.MSlSXf^# 

ii#.4-®AaE4’.Afnaas#A&w 

Eiea^KKifc:fei5^^5£}W(Dari)oux)* mi^rn^ 
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wsisL-gaw.® 

^ie0.^e.i6XiS:!wa^g3S?otefn«r fig fife. 

siitws-n^afF^^mw^nw^^i*®.*ffi*lft^®J®^# 

^5!jo"i887 ^XfflA^S^fT-4^/h«^,W^Xf^T-^tt>T,1S 

WBtlBlTo 

i#9F^Ws 


<D lUpon <f the Commmioner tf fducatton, Wa8hiiigbw>1892,1993>V^. I . ,233. 

0 # n E. J. Goodwin. *Soaie Chanciohatics di PruMion Schoi^. ” Educational Hedem , Decem¬ 
ber. 1896; iSW tfe£ Potkt' $ Zeitedvifi ftr dm Phynkalitchen und Chmischen t/n- 

(emcAt, X. Jahrgazij, 1897.161,162, 

0 A. G. Wefaeter. Pedagogical Seminary . V<d. D., 1892.101. 

0 C.K.Akioio hfintaea ef Etidenee .on &a 0 tf^/ntiructton. 1870.20. 
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i8oo^aa:«o 

1802 

7o^3tE'eflc^sjpsi[= 

w,#a 1871 

18%^ 12^ 22 0?Fi!&S*5lr,^a®ffi5S^lJ®iefnttSitg 
^m^ZTo 

S("o® 

* 19ffifflT^lH-Wi^^¥M.4^a&5£S:^(Kew Observatoiy) 

4.M ^Titfefi66^»l?5F?Etfe:tftaMaifW,>®4a3SXf^4>®fl?iifl^T 

iib M IS ffi #is ;i IP A s ail 3f£ i M. 

1884 ^mm 

7^125 

m^mz^mtaiZ^mmmmo im^. 


O yVai*tfe,Vol .7.1872—1873.264. 
0 B±,264» 

0 Mature. Vol. 55.1896.209. 

0 ^<»v«.Vol.55.1897.368. 
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il; ^ Jt (1895—1905). S ^ a (1905—1922). BE »f1$ (1922—1924).« 

(1924- )„ ■t^a0F^K^-KW)^@6aifew^s#6«)SPn,ifffaaw 

S W a ;'j T X ik la ffl (51S M CT ?£ BP n „ 

100^fr^^Se^2?^WlSfflK7p^lS= 'E;&X 1794 ¥4^4 
T-«6-^Wm(St.Martin des Champa)^it®W.'EfiSE^-^ 

iSHri&IAfngxf^W^la 

i829¥«3;T%ffi^W®o 

* 18i'a^#l)PWSI^S*«^M^:tfi 1875 ^a®Wo 

Cloud)^@MW^®^^@(Parillon de BreleuiOo® 

1899 

i9i9^aeTa^iR#,iyM*ft?®»rl#WBifXig^»S(tRJS*|ilR3S 

H«^?F(i&4ap;LXf^o l900 ^,4S5f£*:^ 12?£MM#T® 
{Teddington)M^&#1&(Bushy House)^P|S @«jjft;^C AMUfeiho 

* 1918 532 AWA 

HB^EgMjlgciiaB# 1901 ^3^ 3 “E® 


405 


(D A.C.V^ter,^ 286 1S^<S).94<, 

® /Vo»ure,Vd.63,l901.300!V.J.64,1901.290;V<ii.l0*.1919.8;Vd.ll6,1925-63, 
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406 


a'^4fc;tS 1830 ¥ 

M. 1832 ^FieiLM 1901 

Ji[^9fW(Van Ness street)«Smijt» At SPaM->^■ A 



Iff ia 


1928^^^5 

^ 20 ^ ft ^ M, H It ^ ^ W ^ 4^ S ff ft «!I a ^ St W [#3 ^ *i Ji ffi s 

-.-^^^S&^<>ftJi'^Sfe> 

f& 1859 ^4Ta 

±,1875 ¥iJIIS, 1930 1883 ¥.fl!l«|iaj®mmM± 

tia#±^&.1886 ¥j*;ai4@t±.1894 ^3^®ffe[#3(Tulane)± 
^W^W±=. fl!l5feSfflffi®ffe(^±^lS£ffl«[^«lS(1887-1888).^4 
^fi^^^%a#ii:g(1889-1898),«[^«S(l898-1918),X®?- 
±^(1903-1918). M 19l8¥jE.ffe-l[fieffi^|iJini^JfS;g3Z±# 

^ 4 ^. 1924 - 

1925 1929 

ftfeMSf^S^S:(«aSi£^IS;^ffi®^*>(1890 ^iK).(«t^st> 
(i9i9^m2)S),(?)j^«c^5t>(i9i7 2 fis)^(aftT^rsaife^ 

W>(i904¥flS).<dtJliWfpmili«I^SB«t^«^>(i928 ^®).<S:ffc 
ii:W4^W«C^)(1928^)!S),<«^f4^5t>(2 #4^,1928-1929 ^)K), 
(feia^StX811:4:^4^),1934 ^lra^iJfS®3E±^mSfittXm®Tffe^ 

xni>„ 

-^^MW(^a^St>lafifi± 1899 1906^sl909 ¥ffi 1919=4 
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aumefiSo 

aM^I^^6^)ttJ6l^l^^,flD^^J■&3i®^iSil^lS^^^SJffi«^nM^tt@^M 

rtss;sj«Ms.f^#4i^^f5]e±ittrf2'^w#iiEo 

® ti iS 20 ^ S; ^ ? I :^J s # w 1^ S, # ft «2 T ^ # iii 

stUTSswifejgfPMjSo 

m-, ft2|t ^5t^i^F ^ * Aes 5t # a a+. a is ^ T ^ 

ft»te#*4’.ifcil^T-«SBfttbfiSM^a^it^f^4'4SttSM 

A©f^fBi^¥3C6^a{^= 

ft4^4>$?-^iifei®&##«4’aA«-»!^a^fiKSie.®«^DXn 
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5to 

4'a-Sfttiaa^*#|Jc;SSB^a3(^5 770-^ 221)li[(S^>W<# 
xi5)w^^^sfe,:&?ijT'ewj^«i?i-go M^.ixjFs&.g^axg. 
#,^dtlB,?jm,®.E-ftWl 200^1^(^ 221—960):ftSH*^ttFa 

^.^BtW(960-l368)^SB*fti^aa:S®WlSl® 
Sim. KJiPJ0^.fff0^J!g(i368-i9ii),f^B*^t%a^;*-:Sm^[£jS 

;& f 

000—6 ooo^wwiBS:^fcBt«g,AinsM®T-#i*s3to 

sas^s^w-# 

“«". se * s ft E ^ w s M.-e “ a wj «t. t si'j JE, ?« m «”« ® 

^•Wa»o aft‘'«i:S".:fc«**^'£W?^^^^i!t.Jjn*SS-i:'ffi* 

mEWS«^#^*:ASBBtffl%a^ESIE*:fcW^«o ^E^f^Ef^<S 
g > «♦> ie T ;*: * W tl a ^ ^ iR o 

W®i^'^’.'E^tfil‘■^i. KS#T,Mg#±\ 

^S!).!a'JTa’’)i:Siti£T«l*)itS^W^#]f4;^^f5]@„ 

itfe ^ (“ ?, 39: # @f-tfe "), 0^ HI B 0^ ^ W ii ft (“ A. 55: # fft ife "), Iffi 

A’’]o 

<#Iie>;l#Hc^^aHAW*fto «<#Xia-ftA>'9^,i&iS 
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:K-#ife5io 

iA. a ^ ^ W ffi ^ W - # a iif W :5J-#T c 

(# X ie > ® ^ iH T ia se ^,-e ift; “ * 5E 4 *. :^j at ss. 3JC 
16 - ^-^=”-e a 5)-w « w # sp :5)-s s «: $ w 1S& ti tf ^ ^ a:: 1^ ^ 
;fc e. H5a T ffi ^7; «;fc . «f ffi ± TS ^ iiS] a e. fff ^ JI $^; 4> 
|B1 a S. 35 ^ ± ^^ ^ H fr tt. ^ ^1-'?|J = 

a#«'A®^M‘t>,?K«(78-139)ig1fe^{it;?l£3f, 

^^(xafltA).a4;t (429-500).5^-ft^i^r^Aifistita^&m^o 
-e ;i i-u $ ife. T . i $fi ^ # ^i> g $fe w a ^ is ^ s ffili, a ^ ^ a i(& jg 
^ flt ffi $ ± * A W ¥ [S] m . tU S ^ $ ffe] «P 1-[^ is . A A 

-lEJ&So A^Ma=BAi^ffiJg®A^ftl!W«S#i-3^*elj61]ffilfe5g'& 
To M?5lf(;fiJAft.Aii''AiSiiieS0Ao 

^"WMiK'to 0tftXATaia“»4’#1P",“;:^aiPi^pgM.ifnii^A 
#A’'(<s^^ia>^&-)o i^iii«:ifx*¥W3r¥iiB= 

;t3If,Afnea^T-tt'AAiC3&SS.aAAMsS^^S'ja±^SW 

^W^%,|iJMS^6(|iKA14^nAf^MSS6«jm*^^t.sriH5giA*t®« 

?5;®(io2o— iioi)««i^*a 1092 ASHisr-iBAiifiiiAisix 

^ S * 4^ W »JR S IE A ^. B it-e ,1 a fC ^ W 5fe gg. 

X?E(27-97)aK*<lfe3f-!K@S>A¥ii:“iafiftAlTXK,te 

ifeT^Ti4WA*iiajsisl)W-gr^1^ifeo Wft*S(-l^x3ttlBA) 
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iK “ m ds l-u 2^ ;K. tK * M )lfi ^ ^ o ” # JS'J W S M ^^ 51 Bt SB 

+0 ){=t if-a ^ W *s; :^: “ S6 ® ^ ^ it. ifo A ^ SI.« «n A ft ;fc 

E^ T *r I® ft ± 4'I® ® 1 # "f a * ft A ^ it T ft jfi ^4 # 

dSiKAA.i^‘H^EflTfff^fiBAlfeo"e^*(998-l078)^ifMiE«lSbi5 

AUiMKAo 5KftfrSi5ft(S±0?m>4=it 
dtr A ft m ?E m: “ x 4ii w ig A ja «. ©j fiE ^ >t ^ s jfs. a a X 
f^SSAffi.ifS^a@dSft^.ifEAnffi:tdSiao Xflc^Sfc 
BPiiPSC^)*)».»^i?.SliJAt^)«i.Sfc;t!)l'J 

M#PSftf#tilA'*lffi:/jM^gife. 4>aS-ttAftP^Jifem^«7K-# 
65 # ft ^ * IS 1? If ft 4)t JI5 rt tc M A ft ^ P? S. ffi ^ ?2 iS ft ^ ± “ S 

ft§#^^|^tlft4>.*ftA5t=t##r^ft«:&«)ftMJ^ftftA* 

ttmitftTtgAgfta:5fefemxft»ftesjWGgi?&tc(»^-Hfta 
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S ^ J: ^ ^ Jt JZ. W a m * ± ^ a tr M ^ w 

^t^-tT(«3i£a.638-?)^iis^iJi^A«?F^ 12 
^(724^)^a n miirife* 

M^Se.SdbUfeSg 251.27 «M(^ 129.22 ■^M), JK® iftS 

t#fiS.^^a|$;a^ra),»ianfXm^TWJ)cAiai®WAJfeM*H^o s 

1708—1718 630 

800Ri^-S.200 M-&Hfe^g^-®o 

S BE US ^ Ji #1 ^ tl T K <sf „ 

ift # 

a ja S tt-® ^ W ftf. -ft A M jft ^ $P iR A fP Ji ^ IS m ^ 

K:^o 

fn B ?F ^ ffl-e K , ft # ^ #i ^q p o 

lie;t-HSS,W&»:;£o ■ta;t'HiS. 

aefeo 

M St ?f te, A fn fj m iSt s± j^ s fig 3E i£ ± s 4’, m 
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<i^ PH a >ie ®, tK fI ^ ^ »K (i ^ ^ Tc m 250 ¥ s ^ 

- i® A ?L M. M ffi ffi S miai “« $f. 3 e ^ ^ W ” o 

fe0J^^lW?|Ji^^l^r-^#I^^“*;<:wal^”WS8:i!i^[((m^^®^lf^>^ 23)0 
w fi£ ^ (232—300) s (i« it T “ 0 , * n ^* <0. 

^ S i#. Slij 2 ^ ^ m # A PJ *6 a t£ fE. ^ 3 ^. Jtfc ife a W 

3^ o ■’5K ^ M ie ® ^ ^ A W , X iU T ift W iH t)C i« » a 

“ « 0 a ". ^ff^ iff ^ “ ft 0B ". * S?fi « # StE iKIft K ^ I? (a ^. ilf ^ < 35^:» 

mn,iim'mm,”(mm<^m±.m). 

spnajft. 

4 ^ 7 tft a. ® ft © a * W ( ?Mt A J9-> ^n 7C 9 tft a, 10 

So iat#i!Si^^S:0^TAI5.'e8fc®ffl^faAsfe«.»«ffl*^¥g 

i3 1ft«B^0«f^ATO 

ffi S ^ W, ^ * H ii ffi ^ fj 0c iW, W. M 5!t» ^ gt: iltl tt ^ 4 T E A 

ffl.--^Aiif#fe.l8i?Saf»l':t.>f?l?tiRo 4•;^W^¥#,M^A^o” 
‘‘Sf!h’\“J$A"o i^^M^Ag!)S^»fia4A,SJI5f4A3g6!l^A,J[ 
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p # 

■^m Ma;^H=fs^.jaT<i#g>ie'@6<)j3^^^ 

29#. s^ta.eaiaT i2^^q-fc;^wi!fi-= 475 —fr 

22i)B^SgM<WT-lftS0>.m-ZiCie^Tf^S^»iigWW“H^i-® 

l;y:|-:y. ^!it 

ft,0^ft;^«lil(1536-«^ 1614)W^^tk'5^6f)^ttai»^J-KW^,ffi- 

MMftfeT 1584^ftt«:W±*-^^fiaT 
SSJTTT^^aifeSiillio 

:fir &. HP lift ^ A m W ± W - 3St % ®. iE ;F S 4 Jg T o 

eyi:“9»:5««/Si#.5feaKK^^fp.7il?®AJra®±.«;3t®,!iIiJ 

^AK.fiSip;F^o’’«#^^>#~)lil^A^aEfflf5^jS[;S^^^a 
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(22—97)®ffl7Ki!6tt:i^“'^”M^^^fi'lfi^!liiE.. 

<^XT2)Mie^.0M(ffir 11 tfta—Ilf 77o)B^ffla^|i0»(iHiE^« 

(Sg>4’Ui8^S; 

Sl^Sftfeo 

® @14 6«)«. tl t|: ft ca ffi M ^'6:3: ^1': - W :t file A ® iE :2; W «. ^ & 
ff#.@iifcAti5fesi^^i^ft^'ii'«^A:4iwi@ffiKW«.^as^MTe 

MTAinSg#JAL%«= 

6<) I^ S, ® ^ ^ “ AI-U a ja. ® a 1-U A ja " W iE 91 il S o 

ftcttt<mm?>i54>$^itTi50«w^;^(i^®o 5Rftaa;(tP0® 

m'\ o 

y. ® fife )tt [a ffi ss fiK«a T X «s( iE= 

-=ga,-:g5S.-«S. 
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^ Ct 3(£ M ^ > ^ S ^-t sa ^ TI @1 fi«)« ^, ftte : 

0 , «Tit!i-tfe .jSii « tfc 

M ^ ^ ^ 3|e g«E ffi ^ ^ El K W ^ it a, fib : “ iff] - ^L, W i|S ^ . 

fflm ;<:. SiJ«} At Sn ^; x=t ffi , SW iE Ei="« g?-'1 ^ > #-t) 

m. M a. :S iE «l W T ^ ig (:*:/h. a jf). ^ ig/h ?L (:/c/h) 6<i ff. 

^ a iS ife. ii ^ iS Tfe ii 4> It ie * ^ :fc tfj a ^ j® Sfc ;<: - o 

(574—648)4<(^Lie>aSl>'t’¥it:“?=^-»M0,0flSMit!aij!la;4o"8 

“ =Nf 0 tt ® iff H « c" lit At , A in a S a T ^ ^ 6<) ^ ^ a * , w 
ft*#t(283—363)4<^S^h7'>^4’ie^ETE#E#.|fi]H^;t.pr^:^ 

¥ * , PJ ^ m flis ?^; IS] W/h iP ffi J* . SIJ 2 fe jK SI S " ( tt ^ ra < S #-5 
iS>#±)= ^fteA^(ii23-il95))i=tBiffi:J)-^ta3fef^Tg?SiiMffl 

*fe77K.m^^mBWjtt2feifeo'’«i»*«»Wf^:^rlit«P(i6ii-i67i) 

C918-999) ftf ^ iit: m A & #S)«ii S fet i« ]& s, ffl I& 4> W A 3fP fe 
Hi. ii # W ffl a A W ^ JaL , a A ifc # ja T (5^ It i ^ 111 S ^ >. M *¥ 

^Wj^a31£W®MiBiffi»'?M)Wl¥f^SEW3t,i768 ¥.S 



» J& i£ /305 


mt^i§M±:ifcK^^e5e5^ia.o ctK^^]«[SJg^eiK^AA,:fir± 

pp 1^) t& ^ ns IE ^ ^ St ;t ”, ■ftfe ^ m Jfe iH 7 W ^ 6«J ^ 

gi:^r^:“0«7^,a#T7#.#T^3!S*¥,f^ft7SE.Jlt?^^iefife±=” 

(<teMyi»S]5f5t^B^(1023—l063),iatTXAffi^#ia,“Tp AWtfe 

fe St 

(aR#iBt>^4i4’,«Pi’iea5'JAj»fiS'5SSiS4^Se«= 

-“^^”0 

“ fl m ;t 7 Hb. S S o" 

*. <mm:^¥#)+ieW"fia5j§*"W#jTsai^. Ainst^aae^E^ 

it®{1031—1095)^n^ 

14o ^^^*(998-1078)!g/ifJffla«'«-ffc:fi-fe:“ia»^>t-|lf«t-fccXi' 
m iE 5(t 7 , H ;K a 4>, M «[ ^i-Sl'I Jh. lit ?e gl ift « 0 " «at ^ If » fi 

S ^ :)5r fe t. 5PJ M T se ft«: «1^ # ?'J ■ itb sa IS] W Jib m M ft ^ S 

ifiia:fi§:i«^5feaiJibfia<aft6«).flb* 

l695^.?SUl^JjWE*<rffi^ie>7^¥-iEi^T 

. 

m tl-6^ ^ jS: : ;!K S i*. ffi tf-«C S * ffi A; ^ ^. ffi tf-®t« m S«Ht 
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m # 3c ffifc &: - # ;i flft # fit 7 * >i-. T Tic )? :3:; - # * ffi fig 

12 tttlSsIc i3 tft 

tB ^!J * # A TO f fl, ^S S * K tt fa ^ @1 glc iH o 

^1c g8 ft (iw ^ ^ >'t’sfc w ie «. fife ^ it: “ jfl ia nfe a,«sw M a, g iflij 

m ?> S: W W a ® , S lit, # K BP ft )K gg ± ;f; 1^ Hfe « #t-fft ^ ^ 

tfeft 13 = 

ft » 4 ^ ffi. a ft lu sa. A fn nt jg a r ?* s IP a Ki% IK ^ I 

m^'^^y)o a^ft.®rf^«?FaE&ftK^TjciTDi£«M^*ft.a® 

ftM0^W®%aa.ftfe^fillRi*W^.i!fr?jfiiE%W#>ffil». 

#%'K?l*0.gMieAc 0ftSfiaiC5eaTffl¥?fl«SI»«0=tWi^^ 
Afto ;^ft5i£Sst;ea?L*€M»*iSt®a3fec a^ft^fflupcft;^ 

p:i¥*;taA.Aai[tii7’((HiS5»^»a^»4aaft®;ii«iLSiJia 

17.18 

iS>ie«.Afni^?^:5‘4S^*^,A.T|c.A.±“Eff"«i®+^fittP5.Mfi 

^^*:;SS0f-ffl,<^7-T)cJifeig>ai! 

tg#^j‘W“ia"6f)s^., afsftsaftft,^ 

sfisc^ff 370-^ 3io)iiai •rm.xxi^ ,m±x-imA^XiH ,mz4^ 
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320-Sff 

^ St" W ^ ^ tfe »f. sit # ^ 7 #I ® 56 PS ^ 5)-ftf). 

-fi««Sfi<)7n'^ffltS[?f,'efnsit!Q7A 

"n"X^41:*^JSM'^4^fi<)M#JH4.aPK«|!0.SiTaSfct^fiaT^WA 

««& its *st T 4^ a * ft ti a ^ * lit a.«fn ir Pt ^ iS tb &«) *, ^E 

1925 ^,X=f74'^WgE#5tEift. gSt#Mtg«iDi?!! 
1975 1962 ^^45^ 6 flSIS#SffB4.- 

:firB1t^T®1ifi«ji^^ttj^t,^-:SrffiifeW^AttlfbitiX.#aW 

5^ia#4'tH;iB?tE,tia^MMitPjlt:ttt,iiDilfc;2:^®,I-:ia7'AWtg 

* m ¥ < 20 ta: Id ^ f® *), j (4 a 4 ^^ !«: a tf a ^ it ® ® W1^ii N- 

^#ISI®4SW4t 1*3^0 


^ * 

1981 ^3 M titt 





A 

PRiaffiA(Arab8)21—23 
alt^(araye){ia“«ttlt") 

^(angstrom unit»A) 176 
^ S A ( Egyptians ) 1 
( camera )4S 

AXfr1^$l6(0eiBted*a experiment)231,239^241,243,273 
li»f«rK^IIW(gAf^S5>(08twald’8 Kla88iker)39,74,88,114,115, 
116,117,118,123,137,138,204,206,208.209,216,244,253,313 

B 

p»f^(p-raya)(ia“«a:lt”) 

C ttffeA(Babyloniasn)l 

Barker* a inill)8 
(Barnett effect)379 
S (Pendulum) 42,60 

(Pendulum clock)43,61 
Jb&:)l£l(Aurora borealis)325,326 
^ $^ (Epicycles) 31 

(Bunsen burner) 168,176 
^(Pump8)8,71,78 
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$ S (Transformer) 250,251 
(JIS Bureau of Standards)405 

Lightning rod) 132 
tfc^(Specific heat)317 
ttKSpecific gravity)23,27 
tb fi if* (Hydrometer) 8,9,17 
calorimeter) 123 

iS§ti:^^(Wave mechanic8)333,37S,376 

Wave theory of lightUndulatory theory)87,94»96,109, 
110,141,148—156,334 

Boltzmann con8tant)3IS 
&^?^»(Boyl€’8 law)78—81,209 

Brownian movements)322,352—354 
Blackburn's pendulum)289 
Blake transmitter) 282 
91 ft (Irreversible phenomena)322 
^^^ftW^jffi(Imponderable8)106—108,142.385 

C 

(^S)2H49lt^tl(Boloxneter)l88J91 
jeKftffl(Action of a distance)69,133,252,253,256 

Mf^ft + Mf^M(Dust,r6le in rain fonnation)21S 
Cobalt, magnetic) 254 

%^9lft(Mogneto ** optic phenomena)342 
fiS ^ (Permeability ) 263 
fi8i*ft{r>ip)52,267 
^ (Magneton) 379,380 
Magnetism) 

$KAd9(among Creeks) 10,12 
AW(Romans)18 
+ ty:a(Middle Ages)26 
X ^ 3E (Renaissance) 48—52 

17 ttta 101—104 
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18 123 

theory of )261—263 
20 Itirffi 377—383 
S (Impulse )59 

Catalytic action)307 

D 

Atmospheric refration)9« 17«20 
*S#%^(AUanUc cable>240,279,280,302 
^^feiKBand spectra)340—342 

W^St^(fine structure)341,349 
IK^Sf( Nitrogen disrupted)307 

(Table - tuming)2S5 

^^S[Telegraphy(eleclric)]239,247,278,279 
36^ (Wirele88)381—383 

Electric railway)277 
% SS (Electromagnet)246,247 
Electric unil)371,372 
%*T(Electric lighUng)274—276 
% ^ ^ ^ (Electrodynamics )311 

Electro - optic phenomena)342 
% @ (Telephone)280—283 
% Sit if (Galvanometer) 

^ 9 (mirror)280 
iE®(8ine)240 
iE iU (tangent) 240 

*lR(Electroly8i8)223—226,244,358,359,371 
% { Dielectrics) 252,256,257 

(Tourmaline) 133,155 

(Specific inductive capacity) 135,252 
% SS (Condenser) 135,325,374 
%{^^( Electric displacement)257 
% ^ (Electricity) 
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1&|§A(ainong Creeks) 10,12 

^ (Renaissance) 48—52 

ntftIB 101 — 104 

18 10:^ 123—141 

19 tftte 223—283 

20 tftS 377—383 
Sfl^^(anixnal electricity) 137 

^3fti5l»(one - fluid theory) 108,125,127 
KiSyi(two - fluid theory) 108,127,136 
IS *? (Electrions) 361 
^ ^ { Electron )359—378 

^^d0^3t<v(interduc6on ot name)359 
^ffi-^tt(Unil of resistance)267—269 

it^^(Terrestrial magnetism SK Earth*8 magnetism)51,52,101,265,266,267 
ifeI*(Eaith) 

^ ^ A it& (spherical) 30,31 
¥^SAlfe{flat)30 
ife^WAW^Csize of )66 

Vortices of Descartes)61—63,107 
S ^ ^ (Reichsanstalt )404 
M ( Temperature, low) 319,320 
iif]ft(Momentum)41,59 

ft ^ Is (Conservation of momentum) 108 
Kinetic energy )S9 

Animal electricity) 137 
Anticathode)335,336,363 
^ ffi % ^ (Polyphase motors )277 

F 

^'^&ft(Disper8ion of anomalous) 191,192 
St it SE ft (Radioactivity)290—308 
•?( Molecules) 145 
^ i® tt ( Anemometer) 53 
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R^(Kite)131 

Tower of the winds) 12 
<^JT%*S{Vo1u’ 8 pile) 139,140,228 
<^?I^?ft{VolUic ceU)226—229,244 
^ S ffl ft ^ (Fraunhofer lines )97 

(Florentine academicians)98 
ffllt(Radiation)185—193 

^ ^$1 ^ (characteristic) 33S, 336 
Si Sic It (impulse) 335,336 
*P0ait(9olar)35O,351 
fflltaife(theoiy of )309—316 
aft tKRadiometer) 191,270,304 

G 

lt9rSlft(Ceis8lar,tubes of)260 
y ltS^(Camma rays)331,335 
^ 8^ IX (Interferometer) 178,323,327 

Influence machines(electrical)]272 
Induction currents)242,248,249 
/E^(Copemican sy8tem)30—33,36,47,51,54 
a(^)^[Cadmium,(red)line]l76,178,195 
:?<3(Work)59 
tiff (Lever )4 
1ftt(Ineitia)42,345,350 

^feW4*ltt3iife(Electro - magnetic theory of light) 186,256—261,377 

Itift(Emission theory of light)89,95,107,109,110,142,151,156 
Corpuscular theory of light)87,94,95 
:)tft (Photo - electric phenomena)332,334—336 
3tit(Spectrum)90,92,161—173 
(spectral lines)340 
a^St^(flne structure)369,370 
^^^a(continuous spectra)340,342 
^^fea(bcnd spectra)340,341 



(spectrum analysis) 165—171 
IE'ft'?t'®( normal spectrum) 189 

(infra - red speclnmi)327,328 
# ^ ^ (ulta - violet spectmin) 328,329 

S Stsummary of results }331 
^fe®(Gratings)l75—178,189,191,334 
B M (Concove) 178,328,329 
A14^ (Crystal) 374 

(Aberration of li^t)87,198 
^#( Light) 

A (among Creeks )9,10 
AW(Arabe8)21 
^#^(Middle Ages)28 
X ^ X ^? (Renaissance )44—48 

17 83—97 

ISIftffl 109—113 
191«:a 148—199 
20 322—344 

^ii(velocity)84—87,156—161 
Si^yi(emission theory)90,95,109,333 
K5biJi(wave theory)88,333,335 
iftft)t(polarized light)88,l53—155 

“fits’* of easy reflection)95,375 
light quanta)332 
)titf (spectrum )90,92,162 
^B£^^(Swan spectrum) 162 
ISSS fife (Inductive method )54—56 

H 

ti;(Helium)298,305,306 

SC M%^(liquefaction of )320 
^/S % ^ (Cable, submarine)240,279,280,302 
1/1^^S(Mariner*8 Cotnpass)2S,26,51,102 
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Theory of harmony )285—289 
®Ti^i£S(Hunnings transmitter) 282 
fiMMS®(Diameter of stars)326,327 
||tt:(Black body)I87,188,308,309,312,313 
ll( Rainbow) 19,28,89,96 
K IS (Siphon)73 

|[I®lft^S(Siphon recorder)280 

(ffe®;)S^^^MS2S(Royal Society of London,origin of)78,80,93 
S*®F?£K(Royal IjBtitu6on)148,182,183.201,223,240,241,252,402,4© 
SJEWIiSMCHuygenian tele8Cope)326 
S ^ ^ (Wheatstone * 8 bridge) 238,239 

0 iX (Gyroscope) 158 
Gunpowder )25 
(vis viva)59 

J 

{ttfiJi&CGalileo) 

»f$(falling bodies)4,5,35,37,38,39 
3 3 ^ (telescope) 45—47 
tK lhennoineler)97 

(Laws of motion)57,345 
fS { Hypothesis )55,56,387 

(^m^)Jl^(Pr6babi\iiy in physics)309,313,322,353 
fit (Angle, unit of)l 
^ « ^ »»(Coherer) 260,382 

Electrostatic induction)252 
iS % (Electrometer) 291 

Crystal detectors)382 
Crystal structure)373 
^(MirTore)9,10,22 

ft (Absolute units)267,268 

Absolute thermodynamic 8cale)205,206,217 
(Absolute temperature) 114,205,309,317,321 
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K 

(Kepler’s laws)34,63,64 

5f M (Equipartitions of energy, Kalvin)309—311 

;S3?;5®ftK®^3&(Kelvin*s two clouds in 
the firmament;the Michelson and Moriay experiment) 199,386 
^ (Diamagnetism) 255 

Compton effect)330,332,375 
i!;#3^XFr^(Crookes tubes)270,304 

Academic des Science)80 

(MflS)^^^(Accademia del Cimento)284,158,98,99 
$^*(Air pump)71,74,75,77,78,81 
$ ^ ^ ^ ^ (Aerodynamics )354—357 
$^fflait(Air lhermometer)97,113,204,205 

L 

*^!!)f5(Uyden jar) 125,126,127,133,137,253,259 
MS Sic % (oscillatory discharge) 250 
«(Radium) 292—304,351 
IB It (Radium radiation) 

a lt^(a - rays)296—299,304,306,307,372 
pW^(p-ray8)296—299 
7lt^(y-ray8)297,299 
M18 IK (Rydberg * s constant) 338 
M18(S^it(Rydberg’s fonmil8)338 

W^fr0i2lJ^feM(Parallel(^ram of forces)4,35,42 
^^(lines of force)252,253 

Centrifugal force )41,60 
^^(Mchanics) 

AW (among Greeks )4—8,19 
i X Bt 8? (Renaissance ) 35—43 
17 tftie 57—69 
IStftffl 108,109 



316 / jt 


;^#W+i5^ife{niechnics and relativity)345,347 
JffH^^^(new quantum mechanic8)351,352 
(statistical mechanics)309,322 
S? ( Phosphorescence) 103,271,332 
S (Calorimeter) 123 
^(Quantum mechanics)319 

*Tife(Quanlum theoiy)311—319,332—336,340.341,343,344,351,352 
specific heat)317 

1916 ^ W(ejrtension made in 1916)317—318 

quantum mechamcs)351 
^dft^dight quantum)332,333 
Compton effect)332 
W(in Bohr atomy)370 
band spectra)340,341 
Zeeman effect)344 
»f«3t*® + W(in Start effecl)344 
it % SRlfc W (in phto - electric phenomcna)334—336 
collisions)372 

wave mechanics)375 

d^t'CLorentz’s estimete <tf)318 
Sf ffi a M (Betelgeuse - a)327 
SfC%( Current electricity) 137—139 
Phonograph) 288 

Jit ^ ( Hydrostatics )6,27 

Hydrostatic paradox)7,28,80 
60 Sexagesimal scale) 1 

Sformation q[)214 
#ttf4-^^H(Ruhxiikorff's coil)250,2Sl,269 
ffeSft^^^ft^^(Rensselear Polytechnic Institution)392,263 
%f&^$l^(Lorentz transformations)323,344,346 
%f&&4^%(Lorentz Contraction)322,344,378 
^^^#tJfeM0f{Inqisition at Roroe)36,37 
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M 

^ll!S^^(Magdebuc^ hemispheres)77 
Mach’s principle)346 

W^^(Michelscm and Moriay experiment) 199,322,323,325 
ntt?lJ^jSSI^(Mendeleeff*8 table)363 
iEI8^ifif$S^(Mendel*8 law ct heredity) 19 
iS[- 2 ^^(Fire engine)8 
(Camera lucida)162 

Mohammed’s coffin) 11 
Jupiter’8 satellites)46,47,84 

N 

N|t^(N-ray8)308 
flg(Ener^)59,60,106,225,227,265,331 
IS ^ ft iS( dissipation of)217 
**tB”^(the word of ‘‘energy”)222 
ffil:J^:5)-(equipajtition of )309—311,313,317 
§ its (free energy )321 
Mftjfe(ene^ and in8ss)350t351 
tlft^ttCConservation of energy)143,146,147,216,227,294,295,321 
JBft'^#^(Nicol pzism)254,2S6 
(Torsion balance) 136,236 
4^® (Newton) 

4$(experiments on spectrum)89—93 
it (diffraction ) 96 

’’ift(“fits”of easy reflection)95,375 
S & ^ (telescope )92,93 

Wi®^(rate erf cooling) 101 
^ii(velocity of sound) 104 
Sltift(enu8Son theory)95,332 
S§&®#(law8 of motion)58,345 
4^(Newtonian mechanics)347 
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O 

law)135,234,237,247,263 

P 

M^^(Projectiles)41,81,82 
(SSt III [ Declination (magnetic) ]S2,265,267 
{ISPolarised light>89,153,155,254 

X polarization of X - rays)333 

9(rotation of plane)2S4,342 
Inverse squares,law c^)l36 
4h( Polonium >291,302 

Planck’s radiation formula)315,316,318 
«pg83t1lfft(Planck’s Coii8tant)313,315,316,318,319,367,375,386 
?^ap^S(Pupin coil)380 

Q 

ftj^CLatent heat)120,122 

Spherical aberration >92 

(Spheroid,attraction of>66,67 
€ % & (Electrophonis) 139,272 
t^W(Siren)285,287 
^ ^ (Balloons) 73,207,329,330,356 

Gases,laws of)79—81.114,206 
liquefaction of >210—214,242 
-;^iI^|$”(-PenTianent”)210,212 
Critical point>211,213 
Kinetic theory of gases>147 
^ ft ^ (Meteorology ) 

A (Greeks) 12 
X ^ ft X (Renaissance) 53 
17tftffi99 
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§ttf^(Siati8tics)309,321 
|^<4*(Isotope8)341,358*364—366,372 
Saturn’8 ring)47 
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